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PREFACE. 



The favourable manner in which my book on Hydraulic and 
Steam Lifting Machinery has been received, has led me to write 
another treatise upon a subject of equal interest to the Pro- 
fession. The object of the present work is the same as the last* 
not to discuss very rudimentary matters, but to afford practical 
information to Civil Engineers, Architects, and others, to assist 
those who require it and are specifying for such kind of work. 

It is hoped that the examples given, especially the data of 
working results, will prove of value to those who are seeking 
such information. All tables and other data may be relied 
upon ; facts only are stated, and no theories entered into. I have 
adopted the same plan as before, in writing this work in a short 
terse style, for the purpose of offering only practical matter in 
as few words as possible, having found this generally most 
acceptable to those who want information given in a small 
compass. 

Most of the work described is from my personal experience, 
except those matters specially stated. 

I have, in conclusion, to offer my sincere acknowledgments 
to several firms for their kindness and courtesy in furnishing 
me with particulars and drawings of their respective kinds of 
work. 

In offering the book to my professional brethren, I must 

ask their kind indulgence for all shortcomings, and hope it 

may meet with as kind a reception as my former literary 

efforts. 

FREDEBICK COLYEE, M. Inst. C.E., M. Inst. M.E., 

Civil Engineer. 



18, Great Georgb Street, WEsnaKfTEB, S.W. 

June 18S2. 
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PUMPS AND TUMPING MACHINERY. 



CHAPTER I. 

INTRODUCTION. 

The author does not think it necessary to enter into a history 
as to the first use of the ordinary pump, lift and force pumps 
of the usual type for domestic supply are now so well known 
that no notice need be taken of them* Descriptions of 
machinery at work, derived in most cases (except in some 
specially mentioned) from his own practice and experience 
are given. He would like it to be understood, where any 
data are given, especially as to the performance of machinery of 
any kind, that they may be taken in all cases as good average 
results, and not mere experiments. Dimensions are given 
of the leading apparatus connected with pumping machinery 
and plant, as well as various types of engines and boilers, to 
indicate to those who have not had much experience in this 
class of work what they should specify in stating their wants. 
The author hopes it may prevent in future, to some extent, the 
issue of the crude specifications and drawings that are too 
often seen, especially as they place contractors who tender for 
the work in an unfair position. Where so much is left to their 
own ideas, it necessarily follows that the tenders are very wide 
as to price. In the present day, when the lowest tender is 
usually accepted, it is necessary to have all the details of a 
proposed work clearly defined, especially as to the leading 
dimensions and way of finishing the work. 

The subjects treated are pumps of various kinds, for water 
and other purposes, engines, boilers, and general machinery 
connected with pumping and water supply. In the class of 

B 



2 PUMPS AND PUMPING MACHINERY. 

steam and other special kinds of pumps, only those that have 
stood the test of good work, and that have come within the 
author's practice, are noticed ; there are, unfortunately, many 
in the market which give very poor results. In these cases it 
would be useless to describe what could not be recommended 
confidently for use. 

Several engines, pumps, &c., of a large class are described 
in detail, to give an idea of the dimensions of good types of 
work, which the author trusts will be of much service to some 
in determining the requisite proportions for kindred works. 
All dimensions and particulars of this kind are from actual 
examples of good work, and can be relied on for accuracy. 

In treating of water pumping for the supply of towns, the 
distribution of the water beyond the works is entered into but 
slightly,*as this is not within the scope of the book, and also 
because such matters have been fully treated by others who 
have written upon the subject. 

Air pumps for various purposes are described in detail, both 
for exhausting, and for charging vessels with air under pressure. 
Blowing engines for steel and iron works are also treated, and 
examples given and data of working results. 

Lipt Pumps. 

For pumping water from wells to the surface of the ground, 
or for raising water into elevated tanks, &c, for ordinary 
purposes, pumps of this class are usually employed. For 
raising water for factory and other purposes, single pumps 
may be used in some cases where the quantity of water is not 
large, and where a continuous flow is not a matter of much 
importance. In instances of this kind the pumps may be fixed 
to a cast-iron plate on the wall of a building, and worked by an 
eccentric or crank from any convenient shaft. The details of the 
pump barrels, valves, &c, do not much differ from the three-throw 
pumps next described, full particulars of which are given. 

Three-throw Pumps are the most efficient for raising water 
in any quantity from the surface, or from a depth not exceed- 
ing 25 feet below the suction valves ; they are fixed between 
A frames, and worked by a three-throw crank or eccentrics; 
they give a continuous flow of water, work efficiently, with 
very little wear and tear, and being free from complications 
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are not liable to get out of order. The following is a descrip- 
tion of a set of 6-inch diameter by 18-inch stroke pumps (see 
Drawing No. 1) of this class, suitable for raising water under a 
"head" of say 60 feet to 70 feet above the pump barrels; if 
for a greater lift, all parts of the pumps must be made stronger, 
the air vessels larger, and sundry other alterations in the details. 
Anything beyond this depth comes into deep-well pumping, 
which will be noticed hereafter (see p. 9). 

Pumps, 6 inches diameter by 18 inches stroke. — The barrels 
are 6 inches internal diameter, and are usually made with a stroke 
equal to 2 J to 3 times the diameter, and of gun-metal, $ inch 
thick, with flanges at top and bottom, } inch thick, turned on the 
faces. A valve box of cast iron at top and bottom, divided into 
chambers for each pump, is fitted with valves and seats of gun- 
metal; the area of these should be about £ the area of the 
pump ; ample area should be given round the valves, to prevent 
undue friction in the water passing. At each valve and seat, hand- 
holes for the examination of the valves are provided ; they 
should have faced covers, and be secured by two bolts or studs. 
The valves should be made to rise upon a fixed pin, the seat 
being held in its place by a cross bar; the lift is regulated 
by the depth of the top of valve. For water, the valves may 
be gun-metal, with flat or conical face, or a disc of gun-metal, 
with indiarubber or leather fastened to same ; each valve and 
seat should be capable of examination, removal, adjustment, and 
re-starting in less than 10 to 15 minutes. 

The suction and delivery pipes may be equal in area to the 
diameter of one pump barrel. The barrels are attached to the 
valve boxes, named above, by means of flanges, secured by bolts 
and nuts. The pump buckets are of gun-metal, and packed 
with gasket, with valves of the same material, and made like 
the suction and delivery valves before described. 

The bucket rods are of copper or steel, 1| inch diameter, 
and are keyed to wrought-iron or steel cross heads, having steel 
rods keyed at the upper ends, which work through the cast- 
iron guide bars bushed with gun-metal, attached to the side 
A frames. 

The A Frames, in which the pumps are set, are of cast 
iron, made I section, well spread out at the feet ; these are 
carried on a base plate ; the facings are planed. The upper 
part of the frames are stayed with cast-iron stretchers, having 

b 2 
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bolts passing through the centre. At the top of the frames 
plummer blocks are fixed to take the crank shaft In some 
cases the frames are fixed to a cast-iron bed plate, in others the 
feet are bolted direct to the stone bed. 

The Crank Shaft to work the pumps, should be of wrought 
iron or steel, and three-throw, the pins being the same size as 
the bearings, 3£ inches diameter by 3£ inches wide. Clarke's 
patent bent cranks make a good job, are economical, and 
strong ; it is advisable to have them shaped and got up bright 
to detect any defects, they should be made of scrap iron. 

The connecting rods are of wrought iron, and have gun- 
metal heads at the crank-pin end and forked ends, with gun- 
metal or strapped ends at the cross heads ; the diameter of the 
rods in the smallest part should not be less than 1 J inch, and 
each side of the forks of equal area to same. 

The guides for the pump rods are gun-metal bushes, fitted 
to cast-iron cross bars, attached to one set of the stretchers 
before named. The bushes are 2£ inches deep, and have a 
cupped recess at the top to receive the oil ; they are bored to 
receive the rods, and turned on the outside, the cross bars being 
bored out to receive them, the bushes are driven into these holes 
and riveted to secure them. 

The plummer-block bearings for the crank shaft should be 
3£ inches diameter by 4^ inches wide, faced at the base, and 
bolted to the top of the side frames, which are also faced at this 
part to receive them; the holes are drilled and bolts turned; 
this prevents movement, and takes off any strain. Wrought- 
iron keys are fitted at each end of the blocks, bearing against 
"joggles" cast on the top of the frames; this keeps them 
rigid; two steady pins should also be fitted to each of the 
plummer blocks, these pins should be at least J inch diameter, 
and perfectly fit the holes drilled in the frames. 

The suction pipes will not in practice draw from a greater 
depth than about 25 to 26 feet vertical below the suction 
valves, but the horizontal distance, provided the joints are 
tight, does not affect the question. It is advisable to have a 
catch valve in the vertical pipe, and one or more in the hori- 
zontal pipe, according to the length of the suction pipes. A 
rose should be fixed on the bottom of the pipe, to prevent grit 
and dirt getting into the pumps. The pipes may either be 
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copper or cast-iron faced flange pipes, in say 6 to 9 feet lengths, 
bolted together, or where the pumps are small, they may be of 
wrought iron, either screwed together by sockets, or flanged, 
screwed on, and bolted together. 

The delivery pipe should have an air vessel of copper or 
cast iron, fixed on or close to the top valve box, say 12 inches 
diameter by 3 feet 6 inches to 4 feet high ; this, if made of 
copper, should be 5 to 5J lbs. per superficial foot, and have a 
gun-metal flange brazed on the bottom £ inch thick ; a draw- 
off cock must be fitted at the bottom of the air vessel. It is a 
good plan to have an air vessel on the suction also, especially 
where the pumps are some distance from the well, &c. 

Driving Gear. — Straps are the most suitable, working on 
to "fast" and "loose" pulleys; the width of the strap for 
pumps of this size should be 4^ to 5 inches. The pulleys should 
be turned on the face and coned to give a good grip to the strap ; 
the size of the pulleys on the crank shaft should not be less 
than 20 inches diameter by 6 inches wide. 

Tooth-wheel gear. — When these are used the pinion should 
have iron teeth, pitched and trimmed, and the wheel geared 
with wood cogs. The pinion should have a clutch cast on, to 
allow it to be thrown out of gear when required. No fixed rules 
can be given as to the diameter and number of teeth, as it will 
vary according to the size of the pumps, their speed, and the 
" head " of water to be pumped. 

Number and Diameter op Pumps. 

It is not usually advisable to have more than three pumps 
in one set, or the size to exceed 7 to 8 inches diameter by 
24 inches stroke, extra sets being provided to give the power 
required for the particular case. The advantage of this arrange- 
ment is that, in the event of a break-down, spare sets are 
available to carry on the work, and do not cause a complete 
stoppage of the pumping operations. This important fact should 
always be remembered. 

When pumping on a large scale and for special purposes, 
a battery of pumps of ten or twelve may be fixed in a pump 
house ; in this case they may be attached to cast-iron girders, 
which are built into the walls of the room at each end. The 
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pumps have separate valve boxes, suction and delivery pipes, 
or the valve boxes top and bottom may be arranged in sets of 
three and four pumps each. 

They are worked by one over-head shaft carried on brackets, 
&c, having eccentrics keyed on for each pump. The guides for 
the pump rods are the same as before described. To throw the 
pumps out of gear the cross heads slide on the steel pump rods 
when the keys are disengaged. In a case of this description, 
the shaft should be driven by a separate engine and by strap 
gear, and a duplicate engine provided in case of a break-down ; 
and where there are more than six pumps, the top shaft should 
be divided in the centre and fitted with clutch gear, to throw 
in and out as desired. The object of this arrangement is to 
allow part of the gear only to work if a portion of the pumps 
are out of action, thus saving unnecessary wear. 

Eccentrics do not cause any more friction than cranks, but 
care must be taken that the shafts are strong, say in the above 
case not less than 3£ inches diameter at the smallest part for 
6- and 7-inch diameter pumps. Bearings must be provided at 
every three pumps to keep the shaft rigid ; loose collars should 
be fitted at each side. The straps of the eccentrics should be 
wide and the connecting rods stiff where the lift is heavy, and 
should be braced from the sides of the straps at the bolts. 

Large lubricators should be fitted to each eccentric, and care 
taken to see that they are well charged with oil to ensure free 
lubrication; the top half of the strap must be channelled to 
allow free passage for the oil. 

Speed op Pumps. — It is always advisable to work pumps at 
a slow speed. For 3 and 4 inches diameter, 30 strokes ; 5 and 
6 inches, 20 strokes ; and 7 and 8 inches, 16 to 18 strokes per 
minute. Very little is gained by over-driving pumps, as the 
" slip " through the valves is much increased, and the wear and 
tear also, owing to the heavy shocks to which they are 
subjected at the closing of the valves. 

Pumps for Special Work. 

Beer Pumps. — The barrels should always be made of gun- 
metal, the valve boxes may be of same material for small 
pumps, and for large sizes of cast iron ; the buckets and valves 
of gun-metal. In some cases canvas valves are used; they 
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are not, however, to be recommended, as they are apt to foul, 
and are always difficult to keep clean, which is a most important 
consideration in pumps of this class. Indiarubber or leather for 
the valves or the buckets should never be used. 

For an ordinary brewery, 4, 5, and 6 inches diameter 
pumps are the best sizes, and the stroke about three times the 
diameter. One duplicate set should always be kept for use in 
case of any break-down ; it is advisable to work all the pumps 
at regular intervals to ensure their being in proper working 
order when wanted. 

The speed should not exceed, for pumps 4 inches say 
25 strokes, 5 inches 20 strokes, and 6 inches 18 strokes per 
minute. 

The general details of the pumps in other respects are the 
same as described at pp. 3 to 5. Most parts of the pumps and 
gear should be got up bright in order to keep them clean 
more easily, and save labour. 

Tab and Ammoniacal Liquor Pumps fob Gasworks. — 
The barrels, valves, and .valve boxes should all be made of 
cast iron ; the pump rods of steel or wrought iron. 

All joints should be faced and holes drilled ; the valves must 
have free area and rather small lift Each pump as a rule is 
fitted with a separate suction and delivery valve box, and with 
separate pipes, to use singly in case of a break-down of any one 
of the pumps. The suction and delivery pipes should be equal 
to about £ diameter of the pump, bends should be avoided when- 
ever possible, and elbows should never be used. 

Aib Vessels should be cast iron of ample capacity, and 
provided with draw-off cock at the base ; balloon-shaped vessels 
act the best, and retain the air longer than when made parallel 
in diameter. The delivery pipe should be at the bottom of the 
air vessel, dip pipes at the top are not so good, they take out 
too much of the contents of the air vessels. 

The valve chambers must have ample area, and the bonnets 
to the valves should be large, to enable the valve and seat to be 
removed and replaced rapidly in case of any obstruction causing 
a stoppage. The bonnets should be attached by two or four 
bolts according to the size of the pump, or studs may be used ; 
in all cases the bonnets and seats must be faced and the 
holes drilled, with steady pins, to ensure the bonnets being 
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fixed in the proper place each time the joint is broken and 
re-made. 

In large pumps where the rods are liable to get cut, wrought- 
iron rods may be cased with cast iron ; they stand the wear well, 
as there is little or no chemical action upon cast iron from tar 
or any of its constituents ; the wrought-iron rods must be turned 
rather rough, and after the cast iron is run on they should be 
left in the sand to anneal for several hours to prevent any sudden 
contraction, the surface of the cast-iron casing is then turned 
and polished. 

These pumps in small places are used single, fixed to a cast- 
iron plate attached to the wall, and worked by wheel, gear, or 
straps. The speed should be slow, to allow the valves to close 
at the end of each stroke. 

Messrs. George Waller and Co., of South wark, have been 
very successful in the manufacture of this class of pump. It 
may be remarked that tar pumps should always be free from 
complication. The author does not recommend the use of 
double-acting pumps for this purpose, the valve arrangements 
are too complicated, and are liable to get out of order and 
cause a stoppage to the pumps. 

Vinegab Pumps are made much the same as the ordinary 
lift pumps, except that the barrels are sometimes made of glass 
or vulcanite ; they stand very well, and give very little trouble. 
In old times the barrels used to be made of wood, and were 
worked by long poles and "rockers" to each pump. These 
poles reached in some cases 100, 200, and 300 feet. Although 
very cumbersome, they did the work very well, but the cost of 
repairs was always heavy. Pumps for this purpose are usually 
used as single pumps, to pump the vinegar into the various 
separate vessels. The details of the pumps are much the same 
as for ordinary lift pumps in other respects. 

Sewage Pumps. — Where lift pumps are used, they should 
be made of cast iron with leather buckets, and valves of same 
material. The area through the valve seats and the valve boxes 
should be ample, and means of getting at all parts of the pumps 
should be carefully considered. The general details of the 
pumps in other respects do not differ from those before de- 
scribed. In many cases force pumps are used with both open 
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and closed tops. The most suitable valves are of leather, and 
of the clack kind, weighted on top with gun-metal or wrought- 
iron plates. 

Well Pumps (Drawing No. 2). — The details of the pumps 
as to the method of construction are much the same as described 
on p. 3 to 4. The valves, however, differ according to the size 
of the pumps and the " head " of water to be pumped. This will 
be more fully treated hereafter. 

The pump barrels must be made of sufficient thickness to 
take the pressure according to the " head " of water under 
which they are worked, and, instead of being connected by 
flanges to the top and bottom valve boxes, they are checked 
into recesses in the boxes, and secured by long bolts, which pass 
through the top and bottom boxes, and so hold them firmly 
together. The valve boxes must be extra strong, varying in 
thickness according to the " head " of water pumped. The lower 
valve box should not be more than 10 to 15 feet from the surface 
of the water. 

Where the well is deep and the water rises above the 
barrels, they should be extended to the surface by bolting on 
sufficient pipes, and the upper valve box fixed near the top of 
well, with the stuffing boxes and glands placed convenient for 
packing. Each of these pipe barrels forms its own rising main, 
and has its own separate chamber and valve. 

The suction valves and the seats, which are of gun-metal 
and conical in shape, are of less diameter outside than the 
bore of the barrels ; the seats have a bridge cast on, and are 
drawn to the surface by means of a chain and hook when it is 
necessary to make an examination. In this case they work in 
separate boxes. 

Aib Vessels should be fixed on the lower valve box, and 
where there is not room in the well a separate chamber can be 
constructed in the side walls for same. They can be made of cast 
iron or wrought iron, should be of ample size, and provided 
with a cock to drain the rising main and admit air at certain 
periods ; gear to control this cock must be carried to the top 
of the well. The air in an air vessel after a short time becomes 
absorbed by the water, and if not occasionally re-charged, it 
becomes useless ; in some cases small air pumps are used at 
the surface to force air through pipes carried down the well to the 
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air vessel. A large air vessel should also be fixed at the top 
of well; this should be wrought iron for large pumps; and on 
the delivery main should be a safety valve to take off any shock 
in case of stoppage anywhere in the pipes. 

The air vessels at top, when of wrought iron, should be 
made -& to f inch thick, according to the pressure, and with 
double riveted joints, the edges of the plates planed and all 
holes drilled. When there is sufficient room they should stand 
upon the floor of the engine house. Draw-off cocks and air 
cocks, also water gauge and pressure gauge should be provided. 

Valves for Deep Wells. — The best pump valves are those 
made upon the Cornish plan, double beat, all gun-metal, as 
named hereafter. Valves for lifts of more than 50 feet for 
small pumps should be of the spindle kind, or made to rise 
on a fixed centre pin. Flat faces for metal valves are as a rule 
better than conical faces, more especially where the water is 
gritty. " Wing valves " should never be used ; they often give 
trouble by sticking. The valves for well pumps, especially 
when for deep lifts, should have free area, as well as all the 
passages and pipes. No sharp angles should be allowed any- 
where, and all bends should be easy. " Tee " connections should 
enter the main pipes by easy curves, and not at a sharp angle 
as generally made. Square or round " elbows " should never 
be used; when there are any unavoidable sharp bends, air 
cocks should be provided and fixed on the bend to let out the 
air and ensure perfect circulation of the water. 

For small-size pumps and low lifts, where the water is very 
sandy or gritty, * clack valves " may be used in some cases with 
advantage. These can either be made of gun-metal or leather 
backed with gun-metal ; the leather must be thick, oil dressed, 
of the best quality, and carefully faced. 

Where these valves are used for large pumps, a small valve 
is fitted on the top of the large valve, to take off the shock, on 
account of the smaller area : this closes and opens first, and so 
relieves the pumps. These act very well, are very simple, and 
not liable to get out of order. 

Cornish Valves are made of gun-metal, with "double 
beats," and have hard wood faces, or gutta-percha working on 
gun-metal flat faces. The bucket valve is made in the same 
way. The suction valves usually have three or four beats. 

There are several modifications of this valve, with two, three, 
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and four beats or faces; but although they are somewhat 
cheaper in first cost, the author does not recommend their use, 
as many are very complicated, apt to stick, are noisy in work- 
ing, cause much vibration in the machinery, and consequent 
extra friction. 

For deep pumping, with pumps say from 6 inches diameter 
and above, the " Cornish " are the most efficient valves, and as 
they last a long period without getting out of order, will be found 
the cheapest in the end. 

Indiabubbeb Valves can be used for light lifts and pumps 
of small diameter. They should always be made to rise on a 
fixed centre-pin, secured to a top plate of gun-metal, and have 
a bush of the same material at the centre. In some cases thick 
leather may be used in lieu of indiarubber, plated in the same 
way as before described. Indiarubber valves should not be 
used to turn up against an iron guard, as they wear at the 
centre part where they are held down, and fail in a short time ; 
when indiarubber valves were first introduced they were made 
on this plan, but they never have acted so well as when made 
on the first named system. 

A plan has been tried with two, three, and four separate 
discs of indiarubber, with holes in same, placed one above the 
other ; they do not always act very well, and for deep lifts should 
never be used. The red rubber in all cases stands the best, and 
should not be less than J inch thick ; the thickness will vary 
with the size of the pump and valves. The grids on which the 
valves work should always be faced, and the holes carefully 
proportioned to the size of the valves; they may either be 
made of cast iron or gun-metal, the latter are the best. 

The Pump Bucket Bods should either be made of copper 
or steel — the author prefers the latter. The connecting pump 
rods, for deep wells, can be of wood bound with iron, or they 
may be wrought-iron rods or tubes connected together with gun- 
metal sockets. The wood rods answer well, are both light and 
rigid, and last for many years. 

Girders with guide rollers attached should be fixed at every 
7 or 8 feet from the top of delivery valve box to the top of 
well, except where the barrels are carried up to the top of the 
well as before described, when they are not required. 

Top Dbiving Geab. — The crank shaft should have three 
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throws and be made of steel or wrought iron ; steel is the 
best, and the extra cost not large, they are cut out of the solid, 
the pins must be the same diameter as the bearings. The 
plummer blocks should have gun-metal bearings not less than 
2 diameters in length. The ends of the connecting rods should 
be solid gun-metal attached to "["-heads forged on the wrought- 
iron rods ; the fork ends should be made either with solid gun- 
metal ends, or may have strap or fork ends fitted with bearings, 
and adjusted with gibs and keys. 

The crank shaft should be driven by tooth gear from a shaft 
haying a pinion with iron teeth pitched and trimmed, and a 
clutch to throw out when required ; the wheel on the crank 
shaft should be a mortice wheel (the width of the teeth should 
be rather less than the pinion). 

Eccentrics may be used in lieu of cranks for small pumps 
(say to 5 or 6 inches diameter barrels), and when the lifts are 
low; in this case the shaft should be not less than 4 to 4J 
inches diameter, and fitted with a centre bearing, this prevents 
it from springing and saves vibration of the rods and gear, and 
consequent extra wear. 

The straps of the eccentrics should be wide, and either made 
of gun-metal or lined with same. The width of the bosses 
should equal 14 diameters of the shaft, and be fitted with 
wrought-iron hoops shrunk on each side to strengthen them. 
The keys must have sunk beds and very little taper ; for large 
sizes two keys should be used. In all cases the keys must be 
very carefully fitted. 

There is an advantage in using eccentrics ; if a break-down 
in the gear takes place they can be more rapidly repaired than 
when cranks are used. In several cases in the author's experience 
he has put in new gear in four days after the fracture, when ten 
days at least would have been the shortest time to replace a 
crank-shaft, even of small size. 

The eccentric rods should be braced ; when this is done the 
rods may be made of less diameter, and will be more rigid than 
single rods. Check nuts should be fitted to the bolts at the 
lugs of the eccentrics, and the keys to the rods cross-pinned 
when made with a socket; it is, however, preferable to make 
them with a T-head fixed to the strap by two bolts, which 
should be turned and fit in drilled holes. 

Girders for Fixing Pumps in Wells should be cast iron, 
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rest on stone templates, firmly built in the wall at least 12 to 
14 inches on either side, and run in Portland cement. Many 
serious fractures may be traced to the careless way of fixing 
sometimes employed by unskilful workmen, especially in deep 
wells and where much supervision cannot be given. Where the 
well is in chalk or soft stone, and not lined with brickwork or 
stonework, the part where the pump girders rest must be cut 
out, and sufficient brickwork or masonry put in to ensure a per- 
fectly solid bed, and prevent any crumbling of the materials, 
which would be caused by the strain of the pumps, especially 
when working under heavy " heads." 

All faces on the girders should be planed and the bolt 
holes drilled. When the pumps are large and the valve boxes 
heavy, two extra girders must be fixed for the lower valve box 
to rest on, built in as before described. In some cases it is 
advisable to connect these two sets of girders with iron framing, 
to increase the rigidity and spread the strain over a double 
base ; the stone templates should not be less than 12 inches 
thick, and at least 12 to 18 inches wide by 18 inches long. 

Stages of wood or iron should be fixed in the wells at each 
10 or 11 feet, and iron well ladders provided, to allow of easy 
and rapid access to the rods and valve boxes in case of any 
stoppage. Cast-iron open-grated stages, supported on wrought- 
iron girders, are the most suitable, and in the end prove the most 
economical ; at the level of suction valve box of the pumps a 
stage should be carried across the well, filling up the space 
between the pumps, a trap-door being left to give access to the 
suction pipe. This plan prevents accident, in case of any of 
the men slipping they cannot fall into the water; every possible 
precaution should be taken to avoid accidents. 

Position of the Pumps in the Well. — Provision should 
be made for fixing duplicate pumps, and to allow of this, each 
set of pumps is fixed near the side of the well, with separate 
rising mains, and top driving gear; arrangements must be 
made to use either one or two sets of pumps, should necessity 
require. In the case of water supply to a town or public 
establishment, provision should always be made to meet a 
sudden emergency. 

Lift Pumps are used for various other purposes, with 
barrels made of glass, pewter, lead, and other materials. They 
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do not, however, much differ from those previously described, 
except in minor details, which are too minute and would take 
up too much space to describe here. 

The speed of lift pumps depends upon the liquid to be 
pumped. They always perform better duty when driven at a 
low speed, as it allows the valves to close before another stroke 
is taken, so avoiding slip. 

Quality of Pumps. — Until late years lift pumps of mode- 
rate size were made in a very indifferent way, by "pump 
makers " ; engineers did not care to make them, owing to the 
unfair position they were placed in as to price, on account of 
the inferior quality of the workmanship and materials of many 
makers. The use of inferior pumps is very false economy, as 
the bad results they give in working, and consequent loss, 
much more than counterbalance the extra first cost of a really 
good and well-made apparatus. The author feels he cannot too 
fully recommend all designers and users of pumps to have the 
best class only, and by an extra outlay at first to avoid trouble 
in the subsequent working. 

Wells. 

For ordinary water supply a few remarks are here given on 
wells, merely as a guide, as the subject is extensive, and beyond 
the scope of this book. 

When the water to be pumped is for domestic use or manu- 
facturing purposes, unless chalk or hard rock is passed through 
at or near the surface, the sides are usually lined with cast-iron 
cylinders, sunk as the well is dug. These cylinders have 
internal flanges, bolted together in about 6-feet to 7-feet 
lengths ; the diameter of the cylinders depends upon the size 
of the pumps, and varies from 3 feet to 8 or 9 feet internal 
diameter ; they are carried down a sufficient depth to shut out 
the surface water. The depth of the top well depends upon the 
height the water rises, and the quantity required ; after about 
100 to 200 feet, if water is not met with of the requisite quantity 
and quality, a bore hole is sunk and pipes driven. Six-inch 
diameter pipes are the smallest size to give a supply of any 
moment; the size of the tubes depends upon the depth to be 
bored. Where there is little surface water and the strata passed 
through are solid, the top well may be lined with brickwork set in 



STEAM LIFT PUMPS. 15 

Portland cement, or the lining may be made in Portland cement 
concrete; this, however, must be executed with the greatest 
care by skilled men, and with the best materials. In this case 
a drum of wood, equal in diameter to the internal size of the 
well, is used, and the concrete filled in at the back ; the details, 
however, cannot be entered into here. Any one wishing further 
information, is referred to the author's book on ' Breweries and 
Maltings ' (Spon).* 

The above remarks as to wells are given merely as an out- 
line of what is usually required ; the construction nearly always 
depends upon special circumstances; it is advisable to have 
professional assistance from those experienced in such matters, 
otherwise a large amount of money may be lost. It must 
be remembered well-boring is a costly operation, and there is 
much uncertainty of finding water even in a district where 
there are other wells yielding a good supply ; this is on account 
of the a faults " met with in the strata. A small test bore-hole 
is usually sunk first to ascertain the strata to be passed through 
and the probability of finding water; if water is not found 
another one is sunk. 

Steam Lift Pumps. 

In large places, where water, beer, or other liquids have to be 
pumped from a lower to an upper vessel, a battery of pumps, say 
six or eight, may be set in a cast-iron frame and entablature, 
worked by a pair of steam cylinders fixed in the centre between 
the two sets or on the outside of the frames. The valve boxes of 
each set may either be connected, with one rising main to each 
set, or separate valve boxes and mains fitted to each, so as to 
pump separate liquors, &c, to various apparatus situated at 
different parts; this is a very good arrangement, and where 
the shafting is at some distance it is very economical in 
working. The length of the steam pipe from the boilers is not 
of much moment, provided it is well clothed and protected, to 
save condensation. The advantage of this kind of pump is, 
they can be started at any time, entirely independent of the 
rest of the machinery, thus saving the wear and tear of long 
lengths of shafting, also the risk of stoppage from fracture, 
straps slipping, and other causes. 

* 'Breweries and Maltings; their Arrangement, Construction, Machinery, 
and Plant.' E. & F. N. Spon. 
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The steam cylinders are connected by spur and tooth gear 
to the crank shafts of the pumps, and are worked at a slow 
speed, not exceeding 18 to 20 strokes per minute for 6 inch 
and 7 inch pumps. The framing and machinery must have a 
solid foundation in brickwork, and be secured to same by bolts, 
3 feet to 3 feet 6 inches long, with large plates and collars. 
The base plate of the pump should rest upon a " York " bed- 
stone, not less than 9 inches to 12 inches thick ; all the work 
should be done in Portland cement The brickwork should rest 
upon concrete of a thickness varying according to the kind of 
bottom foundation; but in all cases it should be at least 
12 inches wider on all sides than the footing of the brickwork, 
to ensure a good base. Much expense is saved in the repairs 
of the pumps, &c, by having a solid foundation. There are 
various forms of these self-contained pumps, but the details do 
not much differ from that described above. 
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CHAPTER II. 



FORCE PUMPS. 



Plunger Pumps for Water. — These are made with cast- 
iron or gun-metal bodies, and the plungers of gun-metal, the 
valves and seats of the same materials. The plungers are cast 
hollow and when from 3 to 4 inches diameter should be J to 
■& inch thick. 

The valves are fitted in a box or chamber, one on either 
side of the barrel, a bonnet or cover is provided at each valve 
to allow of examination and adjustment when necessary. The 
best kind of valves are the spindle kind, the seats being fitted 
into bored recesses ; at the bonnets set screws should be fitted 
to regulate the lift of valves. The area through the valves 
should be about one-fourth the area of plungers, the annular 
space in the chamber round the valves should be rather more 
to avoid friction. 

The connecting rods are wrought iron, and attached to the 
plunger by steel pins ; the width of the eyes of the rods should 
be at least double the diameter of the pin, and in large pumps 
should be fitted with brasses capable of adjustment as wear 
takes place, by setting up a key. When the distance from the 
driving shaft to the top of plungers is small the rods may be 
attached to the bottom of the plunger, which is left open for 
this purpose ; it gives a longer connecting rod, and acts as a 
better guide for the plunger in the barrel. 

Pet-cocks should be fitted both at the suction and delivery 
boxes to discharge the air and ensure the perfect action of the 
pumps at each stroke. 

The pumps can either be set in a frame three in each set, 
or arranged as described at p. 6, and worked by top shaft and 
eccentrics. The rods should have bored sockets and keys to 

c 
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allow any of the pumps to be disengaged without stopping the 
rest. Each pump has separate suction and delivery pipes. 

Safety Valves should be provided at the delivery mains 
to take off the shock in case of any undue pressure, the acci- 
dental closing of a valve, or any stoppage in the pipes. 

When this class of pumps are used for sugar liquor they 
must be made entirely of gun-metal, the valves in this case 
should have rather larger area than when used for water, and 
the sizes of the suction and delivery pipes increased ; this saves 
friction, which is rather heavy when pumping this kind of fluid. 
Air vessels of ample size should always be provided on the 
delivery main. 

Well Pumps (Force) are made upon this plan, especially 
where a single pump only can be used ; they are generally made 
double acting, all the valves being gun-metal, and either clack 
or spindle kind before described, or on the Cornish plan. 

For deep well pumping upon this plan see separate de- 
scription, pp. 75-81, 

Hydraulic Press Pumps. 

These pumps are usually made of gun-metal, with the 
chambers and valve boxes of same material ; for small places, 
where one or two presses only have to be supplied, two or more 
1-inch diameter and two or more 2-inch diameter pumps are 
set in a tank of water and worked by hand levers or by shafting 
and gear ; for full description of these pumps see the author's 
book on * Hydraulic Lifting and Pressing Machinery/ * These 
pumps being of a very special character, hardly come under the 
head of ordinary water pumping. It is sufficient here to say the 
work must be of the highest class, and made very strong. The 
pipes should be of thick copper, or may be Perkin's patent 
hydraulic pipes. The pressure to be borne is from 2 to 5 tons 
per square inch. The pumps are worked by hand or steam 
power, either by steam cylinder direct or from adjoining 
shafting. 

Steam Force Pumps (Vertical). 

A set of three, six, or more pumps are set in a frame and 
worked by two steam cylinders, one fixed on each side of the 

* * Hydraulic, Steam, and Hand-power Lifting and Pressing Machinery.' 
London : E. & F. N. Spon. 
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frame. The steam cylinders have the usual connecting rods 
working on to one crank shaft, connected by spur-wheel gear 
to the pump shaft; the rods have bored sockets, as before 
described, to disengage by drawing out the keys, when required 
to stop the pumps. The suction and delivery pipes are either 
made separate to each pump or one to each set of three ; the 
area of the pipes must in all cases exceed the area of the valves, 
to save friction. All sharp bends must be avoided, this is a 
most essential matter with this kind of pumps. 

There are many purposes to which pumps of this kind can be 
applied, viz. '.—Feeding a line of boilers, pumping for hydraulic 
press work, or hydraulic lifts, creosoting apparatus, &c. 

The speed should not exceed 30 to 40 strokes per minute 
for 3 inch to 4 inch diameter plungers. Air vessels of ample 
capacity should always be provided with the fittings previously 
described ; these vessels may either be made of copper or of 
cast iron. Safety valves must be provided on the pipes near the 
air vessels ; the levers of the valves should be well fitted and 
graduated for the weights. The foundations for the pumps 
should be made as described at p. 16. The depth of the 
brickwork will, however, depend upon the head or pressure on 
the pumps, their size, the nature of the ground, and other cir- 
cumstances. 



Steam Donkey Pumps (Direct Acting). 

There are many forms of these ; the author considers the 
"Model" pump made by Messrs. Thornewill and Warham, 
and Tonkin's patent pumps are the best of their particular 
class, either of which can be worked at a slow speed and 
can be started easily. As a rule steam pumps worked by 
" tappets " are not economical as to steam used, and are apt to 
stick and give trouble ; those made with crank-shaft fly-wheels, 
and with eccentrics for working the slides, are free from the 
above objections, and are very economical as to the steam used. 
One great advantage with independent direct-acting pumps is, 
that being self-contained and the driving power forming part 
of the machine, they can be fixed anywhere without any regard 
to the distance from the boiler, they can be started at any time, 
and when no pumping is required the machinery stands, and no 
wear and tear takes place. They are in some cases fixed a 

o 2 
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short distance down a well, the steam being carried down 
through a pipe covered with composition, passing through 
another large pipe to protect it. 

Tonkin's Patent "Cornish" Steam Pump (Drawing No. 3). 

Tonkin's patent direct-acting steam, pump consists of a 
steam and pump cylinder, placed in a line with each other 
and connected by a distance piece fitted with the usual stuffing 
boxes, the end flanges form the covers for both cylinders; 
the steam piston, which is of the usual form and size, is 
fixed on the same piston rod as the pump bucket. The pump 
is double-acting, and fitted with the ordinary pump valves. The 
special feature of this steam pump, however, is the means 
adopted for reversing the main slide valve by steam (done, with- 
out the intervention of any crank shaft, eccentric, tappets, 
levers, or other mechanical motion. 

The steam cylinder is provided with the usual steam 
passages and exhaust port, opening out on the slide valve facing 
as usual ; but these cylinder ports, together with the steam 
chest, are arranged at the side of the cylinder^ and kept low 
enough down to enable all condensed water to at once drain out 
of the cylinder through the exhaust port. The slide valve is 
of the engine form, but it is moved to and fro by a long 
cast-iron piston, having projections cast on it, which are fitted 
over the back of the slide valve, thus allowing it always to 
work steam-tight on the cylinder face notwithstanding wear. 

This slide-valve piston moves to and fro in the bored ends 
of the steam chest, which have covers bolted on, thus forming 
small cylinders at each end. This slide-valve piston is also 
bored out, and the ends closed by caps screwed in steam-tight ; 
inside this slides a plain cast-iron piston valve, not con- 
nected to the slide valve, but provided with a port towards 
each end to enable it to admit or exhaust steam from the ends 
of the slide-valve piston as required. These ports are so 
arranged as to be always in communication with the respective 
outside ends of the slide-valve piston, through side passages in 
the same; and they are, by the movement of the inside 
piston valve, alternately put into communication either with 
one of the steam holes or the exhaust slots in the outside 
slide-valve piston, thereby admitting steam to one end of it 
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and exhausting the steam at the same time from the other 
end through the side passages, in such a manner as to cause 
the outside valve piston (carrying the slide valve with it) to 
follow the movement of the inside piston valve. The steam 
holes in the slide-valve piston open direct to the steam 
space in the steam chest ; the exhaust slots are in communica- 
tion with ports cast in the bottom of the steam chest, which are 
led across and past each other into the main cylinder passages 
at the opposite ends, these passages being of course open 
alternately to the exhaust pipe through the slide valve. 

In order to give motion to this inside piston at the 
completion of the stroke of the main piston, the ends of the 
valve are, by the piieviofls movement of the outside slide-valve 
piston, put in communication alternately, through a hole at 
either end, with small ports in the top of the steam chest 
and leading down to near each end of the main cylinder. 
When the main piston arrives at the end of its stroke in either 
direction, it uncovers one of these small ports, and the steam 
behind it passes up this port and through the hole in the 
outside slide-valve piston to act on one end of the inside piston 
valve, and move it over ; the opposite end of this inside valve 
being then open to the exhaust slot in the bottom of the slide- 
valve piston, through a small hole which is then uncovered, the 
exhaust steam passing from this slot through one of the bottom 
ports in the steam chest into the cylinder passage, which is then 
open to the exhaust owing to the position of the slide valve. 
This movement of the inside piston valve will be immediately 
followed by that of the outside slide-valve piston (as previously 
described) in the same direction, carrying the slide valve with it 
and so reversing the flow of steam in the main cylinder. 

Both the slide-valve piston and the inside piston valve are 
cushioned on steam at the end of their strokes by passing over 
and closing their respective exhaust ports, the edge of the inside 
piston valve closing over its small exhaust hole, and the end 
of the exhaust slot in the slide-valve piston passing over and 
closing the exhaust port in the bottom of the steam chest at 
either end. The main piston is also cushioned in a similar 
manner, the cylinder passages entering the cylinder a short 
distance from each end, so that the piston, when near the end of 
its stroke, passes over and closes them, and so cushions itself on 
the imprisoned steam. Thus the momentum of the main and 
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valve pistons are checked, and striking the cylinder and 
steam chest covers is effectually prevented. This small inside 
piston valve, and the slide-valve piston with its slide valve, are 
the only two moving parts in the valve gear. An outside handle 
is provided for moving the steam valves at any time when de- 
sired, this handle being connected with a finger inside the steam 
chest engaging in a slot in the valve pistons, but with sufficient 
clearance at the ends to allow the handle to remain stationary 
daring ordinary working, as the valve pistons do not move far 
enough to touch the inside finger. 

From the above description it will be seen that the opera- 
tion of moving the slide valve is very simple, and the arrange- 
ment has the following special advantages : — 

1st. — Great economy in first cost, and absence of liability to 
injury arising either from external violence or from stoppage or 
loss of water in the pump ; the delivery pipe may be suddenly 
closed or air admitted to the suction without any damage what- 
ever occurring. 

2nd. — Greater durability from the absence of tappets, or any 
mechanical contacts between the piston and the steam valves ; 
and also from the efficient cushioning of all the moving parts. 

3rd. — Greater certainty of action at all speeds, however slow, 
as the two valve pistons have the steam acting on them for the 
whole of their stroke, instead of depending on their momentum 
to help them over the centre, as in the case of a single valve 
piston. 

4th. — Compactness : the steam cylinder and its piston 
being of the usual length in proportion to its stroke. 

One of these pumps is at work in a colliery in the north of 
England pumping water through 700 feet of piping, with 
450 feet perpendicular height, in one lift, with a steam pressure 
of 40 lbs. per square inch. The steam cylinder is 26 inches 
diameter, and the pump 8£ inches diameter, both of them 
having 4 feet stroke. 

A direct-acting steam pump, working at a colliery, used 
during a fortnight: 5*8 cwt. of unscreened coal per hour in 
pumping about 9000 gallons per hour to a height of 1000 feet, 
or at the rate of 14 • 4 lbs. of unscreened coal per hour per actual 
horse-power of water lifted (about 8 lbs. per indicated horse- 
power). The friction of pipes, &c, would, however, add con- 
siderably to the actual work on the engine. This is equivalent 
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to 63*8 cwt of unscreened coal to lift 1,000,000 gallons 
100 feet high. It may be noted that unscreened coal was used 
direct from the pit. If good steam coal had been used the 
result would have been better. 



The " Model " Steam Pump (Drawing No. 4). 

This steam pump is made by Messrs. Thornewill and 
Warham, of Burton-on-Trent ; it is horizontal, self-contained, 
and on one bed plate; it can be easily fixed. A 10-inch steam 
cylinder size, has a pump 5 inches diameter and 12 inches 
stroke, and will raise 7500 gallons per hour, say 50 feet high. 
The suction pipe is 3£ inches diameter, and the delivery 
3 inches. The pump is placed between the steam cylinder and 
fly-wheel shaft, the slide of the steam cylinder is worked by a 
small crank off the crank shaft ; it is double-acting, and fur- 
nished with a large air vessel on the delivery and suction pipes. 
The pumps can be worked from a few strokes per minute to 
70 or 80 per minute ; they give a steady and regular delivery, 
work silently, and without vibration. As the details of the 
engine portion do not much differ from the usual horizontal 
type of steam engine, further detail of this portion is not 
necessary. 

The pump is perfect of its kind, and any stoppage from a 
break-down seldom or never occurs ; the small sizes are very 
useful apparatus for feeding steam boilers, and the larger sizes 
can be used for water supply, stationary fire-engines, and many 
other purposes. When applied in breweries for pumping hot 
" wort," special valves are provided. For pumping tar at gas- 
works, the valves and other parts have to be of cast iron and 
specially constructed. The pressure of steam required to work 
them is from 15 lbs. per square inch to 40 lbs., according to the 
quantity to be pumped and height to be raised. 

The author has used them largely in breweries to raise 
water from wells (the water not exceeding 26 feet deep below 
the surface), to the cold water tank on top of the building, 
usually 50 feet to 60 feet above the ground line. The great 
advantage is in this case, they can be set to work at any time 
convenient without starting any other part of the machinery. 
The cost of pumping as to fuel, &c, is the same as with 
ordinary pumps, and the risk of fracture is much less. 
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Portable Steam Pumps. 

Pumps with engine and boiler fixed on one frame are most 
efficient apparatus for temporary pumping, such as for keeping 
excavations clear of water, emptying reservoirs, and for tem- 
porary water supply to towns, &c, in case of a break-down of 
the ordinary fixed engines and pumps. Engine and pumps 
combined of this class are manufactured by Messrs. George 
Waller & Co., of Southwark, and have been successfully 
applied by the firm to the above and kindred purposes for the 
last thirty-five to forty years. 

The boiler is fixed upon a frame of wrought iron, mounted 
on wheels, the two front ones are made to swivel in the same way 
as an ordinary carriage. The engine is fixed direct on top of the 
boiler ; the steam cylinder in some cases forms part of the steam 
chest, by this method very little condensation takes place ; the 
piston rod is keyed to a cross head carrying the guide blocks, 
working a side guide-bar of steel, or two bars in the centre and 
one guide block. A wrought-iron connecting rod works direct 
on the wrought-iron crank, working in bearings fitted in cast- 
iron side frames, also bolted to the top of the boiler or fixed on 
the lower frame. On the end of the crank shaft on one side is a 
wrought-iron pinion working into a spur wheel on the crank 
shaft of the pump. 

The pumps are three in number, fixed on the main iron frame, 
which is prolonged for this purpose, and carries the boiler and 
engine ; the valve boxes are made separate, with large bonnets to 
each valve, for the purpose of examining same. The valves are 
sometimes of indiarubber, leather, or gun-metal ; the buckets 
are made solid, and packed with double leathers or gasket; 
metallic rings have been used, they do not, however, wear so 
well, especially where the water is sandy or gritty. 

These pumps are most efficient in action and can be set to 
work within two hours or less of their arrival on the spot. In 
several cases within the author's experience, these pumping 
engines have been sent 70 and 80 miles out of London, and 
have been set to work within ten hours from the time when the 
order was given to send them off from the firm's works. 

No other portable pumping apparatus can compete with 
them as to the quantity discharged, economy in working, and 
the rapid way in which they can be set to work. The value of 



P0BTABLE STEAM PUMPS. 25 

such machinery in case of emergency need hardly be farther 
dwelt upon, experience having proved their efficiency. 

The boilers are " multitubular " on the locomotive plan, with 
a fire box, the shell of boiler is felted or covered with composition 
and lagged with wood to prevent loss of heat. The whole 
complete machine can be drawn by horses direct to the spot 
where required. Shafts are attached at the fire-box end, which 
are unshipped when not in use ; the smoke funnel is hinged, 
and extra length added when at work as required. The blast 
pipe passes into the funnel to increase the draught of furnace. 
The boiler is fed by a force pump worked off the cross head 
of the engine, or any injector may be used. The quantity of 
water that can be pumped by these engines is : — 

No. 1. — Three 7 inch diameter pumps, 10,000 galls, per hour. 

No. 2.— „ 9 „ „ „ 20,000 

No. 3.— „ 12 „ „ „ 40,000 „ „ 

drawing the water from 25 feet below the pump valves, and 
discharging into a trough about the same level as delivery 
valve chamber. They can also pump from greater depths 
by removing the pumps from the engine frame and lowering 
them in the well, and can raise the water under " heads " of 
60 feet and above ; of course, in this case, the quantity dis- 
charged is less than named above. 

As no straps are employed there is no risk of stoppage on 
account of fracture, and there being three pumps, if one breaks 
down either one or two can be worked alone. The author em- 
ployed one of these engines, a few years ago, to fill a gasholder 
tank by pumping from a river situated about a mile away ; the 
engine was placed upon the bank of the river, and a temporary 
pipe with bored joints laid to carry the water to the tank. 
Allowing for all expenses, about 90Z. to 100Z. was saved, viz. 
the difference between the cost of hire and all expenses incurred 
in pumping, and the amount asked by the water company to 
fill the tank. 

The cost would have been less had the pipes been larger in 
diameter, as only two out of the three pumps could be worked 
at one time and at a slow speed, owing to the small area of the 
delivery main. 
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Steam Pumps (Horizontal). 

Another form of pump which can be worked as a single 
pump, is constructed thus : a steam cylinder is fixed to a cast- 
iron bed plate horizontally, with guides, connecting rod, crank 
shaft, and fly wheel ; the pump is fixed on the same plate, either 
at the front or back of the cylinder ; they are usually made 
double acting, and with metal or indiarubber valves; the 
suction or delivery pipes should be made free, and the valves 
accessible. It is very advantageous to use air vessels of good 
capacity, both on the suction and delivery pipes. The sizes of 
the water and steam cylinders are arranged to suit the quantity 
to be pumped per hour and " head " of water ; allowance must 
be made where there are many unavoidable bends in the pipe. 
Steam pressure should not be less than 45 to 50 lbs. per square 
inch. 

The pump barrels are usually made of cast iron, and in 
some instances are lined with gun-metal. As a rule, steel rods 
wear the best, working through gun -metal glands and collar 
bushes. The speed varies with the size of the pump ; a 6-inch 
or 7-inch diameter may be worked up to 50 and 60 strokes per 
minute; the valves have small lift given to them. It is 
however, usual to employ pumps of a much larger size, say 
10-inch to 12-inch and 14-inch diameter, when this system 
of pumping is adopted. 

The foundation should be of brickwork in cement, with a 
good York stone base, not less than 9 inches to 12 inches thick, 
the holding bolts and plates being taken down at least 3 feet 
6 inches to 4 feet into the brickwork, which should rest upon 
a bed of concrete. 

Steam Fire Engines. 

There are two kinds of steam fire engines made in England, 
both direct acting, having the steam- and water-cylinders 
rigidly connected. In one of these systems the stroke of the 
piston is regulated by the admission of steam near the end of 
the stroke, which forms a " cushion." In the other kind the 
work is done by a crank and connecting rod, with eccentric 
for working the slide valve, as in the engines made by 
Messrs. Shand, Mason, and Co., for the Metropolitan Fire 
Brigade. 
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In these latter engines the boilers are of Bowling iron, the 
longitudinal seams being welded, a large number of small 
water tubes are placed in an inclined position to allow of free 
circulation, one steam and one water cylinder are fixed vertically 
on the boiler, and at the back of the carriage. 

The pumps are double acting, of the bucket and plunger 
kind. The engines are direct acting; a crank is used to 
terminate the stroke, the slide valves being worked by 
eccentrics in the usual way. The pumps are made of gun- 
metal, with air vessels of copper upon the delivery and 
suction pipes. All the steam and exhaust pipes are copper. 
A feed pump is used to supply the boiler, and a Giffard injector 
is also attached. 

In No. 1 size engine the steam cylinder is 7 inches 
diameter by 7 inches stroke, and the indicated horse-power is 
30 ; diameter of t€ jet" 1-^ inch; will throw 350 gallons per minute 
160 feet high. The total weight of the engine is 28 cwt The 
time for raising steam from cold water to 100 lbs. per square inch 
is 7 minutes ; it has been done in 5| minutes. The engine is 
carried on four wheels hung on springs in the usual way. The 
hose is carried in a box under the driver's seat, which also 
takes the tools; the framing is of wrought iron, the fore- 
locking carriage being of the same material. The above class 
of engines are made in two sizes, and for larger ones Messrs. 
Shand, Mason, and Co. use three cylinders and pumps as 
above described, one crank shaft being common to all the 
cylinders; no fiy wheel is required. Great steadiness and 
regularity is obtained in these engines when working, and on 
this account they are named the " Equilibrium." For smaller 
engines than those of the Metropolitan Fire Brigade, one called 
the " Volunteer " only weighs 21 cwt. The indicated horse-power 
is about 19 ; jet -£4 inch diameter, will throw 260 gallons of 
water per minute 150 feet high. Consistent with the necessary 
strength and safety, the author believes these are the lightest 
engines ever constructed. These engines are suitable for 
country towns, and especially where the fire station is situated 
some distance from outlying farms ; on account of their light 
weight they can be rapidly moved to long distances, and by 
this means heavy losses from fire in such cases may be 
prevented. 
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Steam Floating Engines. 

These engines are as a rule much more powerful than land 
engines, as the weight is not a primary object, nor the space con- 
fined for fixing the machinery. The first of this kind was built 
in 1852, by Messrs. Shand, Mason, and Co., for the London Fire 
Brigade, is still worked, and delivers about 1600 gallons of water 
per minute. No. 7 Float is fitted with two sets of engines, one 
to propel the boat, and one to work the pumps. The dimensions 
are 80 feet by 14 feet, the indicated horse-power 20 ; they are 
capable of discharging 2250 gallons of water per minute to a 
height of 230 feet with a 2|-inch diameter jet. There are 
many forms of these steam floats, but they do not materially 
differ except as to size and power. The pumping machinery 
and boilers are the same as for the land engines. 

The large increase in the size of the docks in London has 
induced the use of powerful steam tugs for moving about 
shipping. This has led to the placing of a steam fire engine 
on board without separate boiler, but supplied with steam from 
the boiler of the propelling engines. The London and St. 
Eatherine Dock Company, the largest in London, has now in 
use five tugs fitted in the above manner. These engines are 
placed horizontally, each consisting of two cylinders, 20 inches 
diameter, with double-acting pump of 8£ inches diameter, the 
stroke being 10 inches. Any speed up to 200 revolutions per 
minute can be got out of them, the quantity of the highest 
speed being about 1400 gallons per minute. 

In the description given of the above steam fire engines no 
discussion is entered into as to the various trials that have 
taken place, as it would take too much space, and be beyond 
the scope of this book. 

Engines of this class have been used for emptying reservoirs, 
and in one case 1500 gallons of water per minute have been 
discharged, in pumping from the reservoir into an open shoot 
and not under any " head." 

They are also applied to steam vessels, and are specially 
constructed for this purpose. In one tried at Portsmouth 
Dockyard 720 tons of water per hour were pumped from 
22 feet 6 inches below the suction valves, under a pressure of 
25 lbs. per square inch. There are three steam cylinders, each 
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10 inches diameter by 13 inches stroke, placed vertically over 
three bucket and plunger pumps ; the buckets are 17| inches 
diameter. 

In one fixed on board the Hercules, steam was raised to 
100 lbs. per square inch ten minutes from the time of lighting 
the fire, and 1120 gallons of water per minute were discharged 
200 feet high ; the jets were two 1-inch, one l£-inch, and one 
l^inch diameter. The speed of the engines is about 84 revo- 
lutions per minute. 

It need hardly be pointed out, the great value of steam 
floating fire engines where there is much shipping, as in docks, 
harbours, &c. ; and also for extinguishing fire at wharves along- 
side the river, as the amount of water at command is unlimited, 
and the power of the machines larger than land engines. 

Portable Fobob Pumps. 

A very convenient pump of this class, suitable for pumping 
out cesspools, small tanks, &c, is made upon the following 
plan. The barrel is of cast iron, open at the top, the piston 
being solid, and packed with double leathers. The barrel is 
fixed at the base to a valve box fitted with suction and delivery 
valves ; these are leather clack valves, and are made of very 
free area. Over both the valves bonnets are provided for 
giving rapid access to the valves in case of choking, &c. The 
valve box has feet cast on, and is fixed to a frame mounted on four 
wheels, the front ones being made to swivel. A fulcrum arm is 
cast upon the top of the barrel, and the pump worked by a long 
wrought-iron lever working on a pin carried by the fulcrum ; at 
each end of the lever are eyes, into which are fitted long 
round wood handles; either two or four men can work at 
one pump. The suction pipe is canvas or indiarubber, with a 
wire core through it, and attached to the pump by " unions." 
The delivery pipe is indiarubber, canvas, or leather, and fixed 
in the same way. These pumps discharge a large quantity of 
water or sewage, are very simple in construction, portable, 
quickly set to work, and not liable to get out of order. They 
were first introduced by Messrs. George Waller and Co., and 
have been extensively used for about thirty-five years. The 
author cannot too highly recommend them, having had much 
experience in their use. 
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Tab Pumps. 

Force pumps are sometimes used for pumping tar at a gas- 
works, but are not to be recommended for this purpose. There 
are very few cases in which the tar has to be raised more than 
30 to 35 feet above the pump. In the author's practice he has 
always preferred to use "lift pumps," as described at p. 7. 
They are more regular in their action, not so liable to get 
choked in the valve chambers, the wear and tear is less, and 
they are not so complicated. 

Creosote Pumps. — Force pumps are used to force creosote 
into vessels or cylinders containing timber sleepers, &c, for 
preserving them. They are made with cast-iron barrels and 
gun-metal plungers, the general details of the pumps being as 
before described (p. 17). 

They are either used singly or in batteries of three, four, 
and six in each set. All the valves must be gun-metal, and of 
the spindle kind ; only small lift should be given to them, and 
an adjusting screw provided on each bonnet to regulate this. 

The suction and delivery pipes of each pump are usually 
separate. Air vessels should be fixed on the delivery pipes; 
these should be of cast iron, and of ample size. Safety valves 
must also be provided, to relieve the pumps in case of any 
stoppage. Pet-cocks should be fitted on the suction and 
delivery pipes, to test the action of the pumps. The speed of 
working must be slow ; for 3-inch and 4-inch pumps (the sizes 
generally used), say 40 strokes per minute. 
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CHAPTEE III. 



SUNDRY PUMPS. 



Centrifugal Pumps are suitable when the water is near the 
surface and the height to be raised above the pump small. 
The most efficient are " Appold's " and " Gwynne's " ; they have 
to be driven at a rapid rate. 

They can be economically employed in the drainage of land 
such as in the fen or marsh districts, and in emptying docks 
and reservoirs. 

They are either driven by a strap from shafting, or by a 
steam cylinder attached direct to the pump. The form of 
pump varies according to the circumstances of the case. 

Centrifugal Pumps, on the "Appold" Plan, made by 

Messrs. Easton and Anderson. 

These pumps have been used for pumping ship canals, 
draining meres, emptying dry docks, &c. Examples will now 
be given of machinery of this kind executed, with the leading 
dimensions and working results. It will be observed that most 
of the plant is upon a large scale, and the quantity of water 
discharged is also very large. The author considered it would 
be more useful to describe such kind of works, to show the 
capability of this class of pumping machinery. 

For Drainage Purposes. 

Pumping Station on the Amsterdam Ship Canal. — 
There are three sets of machinery, each as follows : — A pair of 
vertical cylinder condensing engines drive an overhead shaft with 
cranks at right angles, one at each end, which carries a bevel 
wheel between the frames, gearing into a bevel pinion on the 
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upper end of the vertical spindle of the centrifiigal primp, which 
has a double inlet fan. Cylinders are 2 feet 6 inches diameter, 
by 2 feet 6 inches stroke. Number of revolutions per minute 
= 52, indicating about 260 horse-power. The centrifugal pump 
fan is 8 feet diameter, by 2 feet llf inches deep. Number 
of revolutions per minute = 92 "5, lift = 9 feet 10 inches. 
Discharge = about 230 tons per minute each pump. 

Witham Drainage. — Two sets of machinery like the 
last, but with different size of fan and lift. Cylinders 2 feet 
6 inches diameter by 2 feet 6 inches stroke. Mean number of 
revolutions per minute = 38 * 7, indicating 196 horse-power. 
Centrifugal pump fan 7 feet diameter by 2 feet 3 inches deep. 
Number of revolutions per minute = 68 • 8, lift 4 feet 8 inches 
to 6 feet 1 inch. Discharge = 356 to 395 tons per minute 
each pump. Efficiency = 59 to 64 per cent. 

Whittlesea Mere. — A double cylinder, compound, con- 
densing beam engine, with an internal gear spur rim on the fly- 
wheel, gearing into a pinion on an intermediate shaft, which 
carries a bevel wheel at its other end, gearing into a pinion on 
the upper end of the vertical spindle of the centrifugal pump, 
which has a single inlet balanced fan. Cylinders 15 inches 
diameter by 3 feet 1J inch stroke, and 25 inches diameter by 4 feet 
6 inches stroke. Number of revolutions per minute = 32, indi- 
cating 113 horse-power. Centrifugal pump fan 6 feet diameter 
by 1 foot 4 inches deep. Number of revolutions per minute 
= 92*7; lift 10-114 feet. Discharge = 88 tons per minute, 

60*4 
= 60*4 horse-power water lifted. Efficiency = -^r^ x 100 

lid 

= 53£ per cent. 

Bedmoor Drainage. — To drain 1800 acres, the annual rain- 
fall being 24 inches, and the maximum rainfall noted having 
been 10£ inches in 24 days. 

A 14 horse-power portable engine, by means of an inter- 
mediate shaft with a universal coupling at each end, drives a 
horizontal shaft which carries a bevel wheel gearing into 
another wheel on the upper end of the vertical spindle of the 
centrifugal pump, which has a single inlet balanced fan. Cen- 
trifugal pump fan is 3 feet 4 inches diameter by 8| inches deep. 



CENTRIFUGAL PUMPS. 33 

Lift varies from 5 feet to 13 feet. Discharge is 6500 gallons at 
the mean lift. 

Note. — The single inlet balanced fans are simpler in con- 
struction, more economical, and more advantageous than the 
double inlet fans. 

Dock Pumping. 

Portsmouth No. 11 Dry Dock in H.M. Dockyard.— The 
same arrangement as in cases 1 and 2 of drainage machinery, 
with the same sized engines. Eatio of gearing, 89 : 36. Cen- 
trifugal pump fan, 6 feet 6 inches diameter by 1 foot 8 inches 
deep. Work done : — The dry dock, holding 19,000 tons of 
water, was emptied in 2£ hours; the maximum lift at the 
end of pumping being 26 feet 3£ inches. 

Dry Dock at the Imperial Dockyard at Cronstadt. — 
There are four sets of machinery, each as follows : — One horizontal 
condensing engine, with air pump worked by continuation of 
piston rod through bottom cover of cylinder, drives a vertical 
spindle centrifugal pump by a pair of bevel wheels direct ; ratio 
of gearing, 3*27 : 1. The pump has a single inlet, balanced 
fan. Cylinder, 27 inches diameter by 3 feet stroke. Centri- 
fugal pump, 4 feet 10 inches diameter by 10 inches deep. 
Work done by four pumps together : — The dry dock, holding 
34,000 tons of water, was emptied in If hours ; the maximum 
lift, at the end of pumping, being 39 feet. 

Salterscroft Graving Dock, Glasgow. — There are four 
sets of machinery, each as follows : — A double cylinder, non- 
condensing engine, with cylinders placed at right angles, acts 
direct on to one crank at the upper end of the vertical pump 
spindle of a centrifugal pump, which has a double inlet. 
Cylinders, 14 inches diameter by 15 inches stroke. Fans 5 feet 
6 inches diameter by 10 inches deep. Work done by all 
four pumps, acting together : — The dry dock, holding 26,400 
tons of water, was emptied in 2J hours ; the maximum lift at 
the end of the pumping being 23 feet 
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Centrifugal Pumping Machinery made by Messrs. 
j. and h. gwynne, op hammersmith. 

The author has selected a few examples from works executed 
by this firm, and gives hereafter data of working. 

FERRARA MARSH DRAINAGE (ITALY). 

The amount of work to be done was to raise about 2000 
tons of water per minute, about 7 feet 3 inches mean lift. There 
are eight pumps, in pairs, each set being driven by a separate 
engine. When raising the mean height (7 feet 3 inches), each 
of the pumps will discharge 57,000 gallons of water per minute, 
or for the eight pumps nearly half a million gallons of water 
per minute. 

Each pair of pumps is driven by a compound engine, the 
pumps being placed on either side. The pump shafts are steel, 
8£ inches diameter. The discs of centrifugal pumps are 5 feet 
diameter. The suction and delivery pipes 54 inches diameter. 

The engines have L.P. cylinders, 46f inches diameter, 
and H.P., 27| inches diameter by 2 feet 3 inches stroke. The 
cylinders are jacketed. The cranks are placed at- 130°. 

The L.P. cylinder exhausts into a pair of surface condensers 
having each about 750 square feet of surface. The air-pump is 
single acting, 19 inches diameter and 12 inches stroke. 

After working two years, the official trials gave the 
following result: — Consumption of fuel, 2 lbs. per indicated 
H.P. The tract of country reclaimed extends over 200 square 
miles, and the work is performed by 4 pairs of these direct- 
acting pumping engines. 

DRAINAGE IN HOLLAND. 

Polder Grootslag (Andyk). — A pair of 36-inch horizontal 
direct-acting centrifugal engines. 

The machinery raises 30,818 gallons of water per minute a 
height of 10 feet 6 inches. Consumption of fuel, 3 tons 13 J cwt. 
in 24 hours. Just recently a 39-inch " Invincible " pumping 
engine, to discharge 90 tons per minute, has been added. 

The following list will give an idea of the immense scale on 
which this class of machinery has been applied and the quantity 
of water raised in each case : — 
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Names of Places where Centrifugal Pumps and 
Pumping Engines have been Sapplied. 



Quantity of 
Water 

Raised per 
Minute. 



Ferrara Italy 

Hauvill Denmark 

Sajfoji Inland Water Regulation Company . . Hungary 

Workiimmer Holland 

Parreagaster Meeren „ 

Loosdrecht „ 

Polder, Grootelag (Andyk) „ 

Do. do. „ 

Legmeer Plassen „ 

Bijlmer Meer „ 

Middel Polder „ 

Meidrechtsche 1 st8 Bedijking „ 

Zwammerdam & Eeewyk (Tempel) .. .. „ 

Berkmeer „ 

Noord-Einder Meer and Sappe Meer .. .. „ 

Baare-dorper Meer „ 

Houtrak Polder „ 

Crob6ohe Uiterwaarden „ 

Meethuijser Meer „ 

StarnMeer „ 

Schager Waard „ 

Wiennger Waard „ 

Waard en Greet „ 

Vosser en Weerlaner Polder .. „ 

Slooter Polder „ 

Purmerland „ 

Middelbnrger Polder „ 

Boomtnin „ 

Watergraafsmeer .. .. .. „ 

Polder Nieuwkoop „ 

Ook Meer „ 

Temporary — Water Veryersching Amsterdam „ 

Banne Purmerend „ 

De Enge Wormer „ 

De Yereenigde Polders van Gapelle a/d Yssel „ 

Waardenburg (Uiterwaard) „ 

Polder Bhoon „ 

Polder Herwynen „ 

City of Zutphen „ 

Johanna Kerckhoven Polder v 

Polder Spanbroekerkaag „ 

Polder Yenhuizen en Hem „ 

Lutkemeer .. ., „ 

Houterpolder „ 

Bullewijk „ 

Waterscnap de Geel „ 

Uiterwaarden Hagestein » 

Polder Acquoy „ 



tons. 

2,100 

230 

100 

46 

20 
140 
150 

90 
150 

50 



50 
45 
14 
24 
24 
15 
50 
20 
14 
30 
20 
6 
54 
14 
20 
39 
20 
15 
32 
25 
45 
120 
28 
14 
27 
14 
28 
56 
10 
39 
27 
60 
27 
60 
60 
27 
27 
40 



These engines and pumps are also largely used for irrigation 
in Egypt, India, South Africa, &c. ; also for pumping, graving, 
and floating docks. 

They are also suitable for raising sewage ; there being no 
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valves, any solids that are passed through do not interfere with 
the action of the pumps. 

An " Invincible " pump with 36-inch suction and delivery 
pipes will discharge 20,000 gallons of water per minute ; one 
with 48-inch pipes 40,000 gallons per minute, and one with 
60-inch pipes 100,000 gallons per minute. 

Airy and Anderson's Patent Spiral Pumps 

(Drawing No. 5). 

The patent spiral or screw pump is an apparatus by which 
liquids are screwed up an inclined plane at a low velocity and 
without the intervention of pistons or valves of any kind. The 
duty performed is higher than is possible for low lifts, with any 
other arrangement of pumps. 

Experiments have shown that 85 per cent, of useful work 
can be realised, and in the larger pumps, worked by compound 
condensing engines, water has been raised with less than 3 lbs. 
of coal per horse-power of water lifted per hour. The construc- 
tion of the pump is very simple, and consists of a sheet-iron 
cylinder, down the centre of which runs a core. Between the 
two are wound three or more spiral blades of a peculiar form, 
made of sheet iron. The ends of the core terminate in 
gudgeons of suitable construction, and revolve in pedestals, the 
lower one is fixed under water, and the upper one on a bridge 
spanning the delivery opening. The pump is generally driven 
by a spur or bevel wheel at the top attached to the casing, and 
geared into by a pinion and shaft, which may be driven in any 
convenient manner, either by a portable or fixed engine. A 
diaphragm makes a water-tight joint between the upper end of 
the pump and the delivery canal. The water level on the inlet 
side may rise and fall above the minimum level without affecting 
the efficiency of the pump, but on the delivery side the water 
must not rise above a certain height, nor can it fall much below 
it without loss of effect, hence these pumps are not applicable 
where there is great variation of level on the delivery side. 
The pumps can be made of any size to deliver from 1500 gallons 
to 32,000 gallons per minute, but the height for each lift 
should not exceed about 20 feet. 

The patent spiral pumps deliver very nearly the same per 
revolution whatever speed they are run at, hence they make 
very accurate meters. It is only necessary to fix a counter on 
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each pump in order to have a complete record of the quantity 
of water raised in any given time. 

The pumps do not require charging, find may be run at very 
slow speeds. 

Chain Pumps. 

These are rather a clumsy contrivance, they are principally used 
to pump water from excavations, and consist of two pipe legs or 
shoots with top and bottom wheels ; the buckets are attached at 
intervals to an endless chain. Motion is given at the top by 
engine power ; the water is delivered into a shoot at the top. 
They are very noisy and cumbrous, and far from economical 
as to the consumption of fuel. They take some time to put 
together ready for work, and are liable to break down, a very 
serious consideration when pumping for works in progress. 

They, however, possess one advantage; they can pump 
gritty water and almost liquid mud without any detriment to 
the apparatus, and partly on this account are a favourite class of 
pump with some contractors. The author does not recom- 
mend their general use, although they may be useful in special 
cases. 

Sewage Pumps. 

Lift or force pumps, single and double-acting, are used 
for this purpose, and do not much differ from water pumps, 
except as to details hereinafter named; they are best made 
with open top barrels, the pump buckets packed with double 
leathers, and the valves leather and of the u clack " kind ; they 
should be easily accessible. To pump a large quantity, the 
pumps should be treble barrels, worked by crank shaft, and either 
driven by a strap or by wheel gear from shafting, or steam 
cylinders may be attached direct. 

A single pump may be made, fixed horizontally and worked 
direct from the end of a steam-engine cylinder, as described at 
p.' 26. The pumps in this case are made double-acting, and 
on the ram and piston plan, packed either with leather or 
gasket. The passages must be made very free in area, the 
valves with rather small lift, and as described for the Portable 
Engines at p. 24. 

Pumps, 24 and 30 inches diameter and 36 to 48 inches 
stroke and upwards, on this plan, have been used for pumping 
the sewage of towns. 
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The speed of buckets or plungers should be slow, say not 
to exceed 120 to 150 feet per minute; otherwise much slip 
takes place, and the shocks in the pumps will be heavy. The 
suction pipe must be carefully protected at the bottom by a 
" rose " and grid, to prevent any sticks and dirt getting into the 
pumps. 

When the pumps are on a large scale they are usually 
worked by high- and low-pressure and condensing engines, and 
in this case are very economical as to consumption of fuel in 
the boilers 'compared to the work done. As pumps for this 
class of work are not special in other respects than those named 
above, sufficient detail is given. 
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CHAPTEE IV. 

GENERAL DETAILS A8 TO LIFT AND FORCE PUMPS, SUNDRY 

GEAR, ETC. 

The Vertical Depths of Suction should not exceed 25 
feet ; the horizontal distance from the pump is not taken into 
account, except as to the extra allowance named hereafter; 
but when the source of supply is some distance from the 
pump, and the pipes underground, the joints of the pipes 
must be very carefully made, and tested before the ground is 
covered in. 

Delivery Mains. — The lengths of the horizontal mains 
from the pumps to reservoirs must be taken into account, and 
12 feet extra lift per mile allowed for friction ; this is sup- 
posing the area of the delivery main pipe is ample ; otherwise 
the load on the engine will be much increased. In arranging 
for the main pipe for water supply to a town, this is a very 
important consideration if the water is to be pumped econo- 
mically; small pipes in such cases increase the friction very 
much. 

Horse-Power required for pumping with ordinary well 
pumps. — Multiply quantity of water to be raised in gallons per 
minute by 10 lbs. and by head in feet -r- 33,000 + | for 
friction and slip of valves = horse-power. 

Stand Pipes are sometimes used, instead of air vessels, for 
water supply of towns, the height of the pipes being in excess of 
the highest part of the district to be supplied. They possess these 
advantages : they give a uniform dead load upon the mains, 
and are not liable to the accidents, that sometimes arise from 
the fracture of an air vessel. They are, however, rather un- 
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sightly as well as costly, and are not so often used as formerly ; 
the pipes may be enclosed in a brick tower or shaft, which 
may be made an architectural feature. 

The Leather for pump buckets and valves should be oil- 
dressed, and of the best kind, cut out of the middle of the back, 
and of even thickness. To make good leathers, iron moulds 
should be used, the material being softened in moderately hot 
water, then gradually pressed, extra pressure being put on at 
intervals. When the plunger is well home, the leathers should 
rest several hours in the press before taking them out. When 
duplicate leathers are kept in stock, they should be in a dry 
place, and occasionally oiled to preserve them ; they should 
never be stacked in a room where much gas is used, as the 
leather is much injured if kept in such a place for any time. 

Leather Pump Valves. — When used, the thickness will 
vary with the size of the pump and the " head " of water. It 
is always very advantageous to face the leather on the side it 
seats upon the valve, to ensure a perfect joint. For large 
valves, hippopotamus and rhinoceros hide may be used with 
great advantage; they make splendid valves, and last many 
years. In all cases gun-metal plates should be riveted on, to 
make them fall in the case of " flap valves," and to keep them 
rigid when the valves rise upon centre pins or on the pump 
rod, as described at p. 3. These plates should be carefully 
proportioned as to thickness and surface, and well fixed to the 
leather. 

Pipes used for town supply or in public places sometimes 
have the sockets bored, and coated on the inside with Dr. 
Angus's composition. For long mains and pipes above 12 inches 
diameter, 12 feet lengths may be used ; they are generally made 
12 feet exclusive of sockets. 

They will bear a pressure of 160 to 180 lbs. per square inch, 
which is about the greatest pressure in any town, in the supply 
main. When turned and bored pipes are not used, the sockets 
are caulked with lead. 

The Speed of water through town mains may be taken at 
2 J to 3 feet per second when working economically; this speed 
should not be exceeded or the friction will be much increased. 

The table following gives the weight of socket pipes for 
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water purposes. All sizes up to 2£ inches diameter are 6 feet 
lengths; 3 to 12 inches diameter are 9 feet, and all above, 
12 feet lengths ; all lengths are exclusive of sockets. It is very 
requisite to have pipes for water purposes of good quality, and 
the proper thickness or weight per yard ; also that the sockets 
are well proportioned to make a good joint and take the proper 
amount of lead. The table will also be found useful in making 
estimates of cost. 

Standard Weights of Messrs. Bailey, Pegg, and Co.'s Socket Pipes 

fob Wateb Purposes. 



ins. 


cwt8.qrs.lb8. 


ins. 


cwts. qrs. lbs. 


ins. 


cwts. qrs. lbs. 


ins. 


cwts. qrs. lbs. 


2 


1 21 


6 


2 2 


12 


6 2 


20 


17 


2i 


2 14 


7 


3 


14 


10 1 


22 


18 2 


3 


3 21 


8 


3 2 


15 


12 


24 


22 1 


4 


1 1 21 


9 


4 10 


16 


13 1 


30 


30 


5 


2 


10 


5 


18 


15 2 


36 


35 



Bends (Socket). 



ins. 


qrs. lbs. 


ins. 


cwts. qrs. lbs. 


ins. 


cwts. qrs. lbs. 


ins. 


cwts. qrs. lbs. 


2 


26 


4 


2 8 


7 


2 21 


10 


3 3 


2* 


1 6 


5 


10 


8 


2 2 


12 


4 


3 


1 11 


6 


1 1 21 


9 


3 17 


14 


5 3 









Tee Pieces (Socket). 






ins. 


qrs. lbs. 


ins. 


cwts. qrs. lbs. 


ins. cwts. qrs. lbs. 


ins. 


cwts. qrs. lbs. 


2 


1 18 


4 


3 21 


7 


2 21 


10 


4 10 


2} 


2 7 


5 


1 21 


8 


2 2 


12 


5 1 18 


3 


2 24 


6 


1 2 10 


9 


3 2 14 


14 


6 3 14 



Standard Weight of Flange Pipes. 



6-feet. 






I 


J-feet 






ins. 


qrs. lbs. 


ins. 


cwts. qrs. lbs. 


ins. 


cwts. qrs. lbs. 


ins. 


cwts. qrs. lbs. 


2 


1 21 


3 


10 


7 


3 1 14 


10 


5 2 


2} 


2 7 


4 


12 


8 


3 3 14 


12 


6 3 






5 


2 


9 


4 2 


14 


9 






6 


2 2 











Valves. 

The bodies are made of cast iron, in one piece, except the 
cover, which is bolted on, the joints being faced ; the doors are 
wedge-shaped, and may also be cast iron, but with gun-metal 
faces, working on faces of the same material let into the valve 
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bodies. For sizes above 14 inches the bodies are strongly ribbed, 
and require special appliances for opening and closing against 
heavy pressure. It is advisable to use flange valves, as they 
are more easily disconnected in case of accident. They are 
connected to the pipes with flange and spigot or socket con- 
nections made in short lengths. All valves should be tested, 
and be tight under a pressure of 200 lbs. per square inch. 
It is very false economy to use indifferent valves, and unfor- 
tunately in this and other cases before named the competition is 
so fierce, that very poor valves are in the market, and too often 
find their way into use, where parsimony, and not efficiency, 
is the chief consideration. Much care is needed in the selection 
of suitable valves, perfect as to workmanship and simple in 
construction. 

Water Meters. 

A small compact meter is made by Messrs. Guest and 
Grimes. It is much used by the water companies, and is 
deemed by them a reliable instrument. 

When, however, there is sufficient space, the author pre- 
fers Kennedy's patent meter. It works with very little friction, 
and causes but small loss of pressure ; this is a matter of great 
moment, especially where high tanks have to be reached, or 
where the water pressure is to be used direct from the mains, 
for hydraulic lifts or engines. 

There are several other kinds, but in the author's practice he 
has found those named above the most reliable. In most in- 
stances the water companies have the power to put in any kind 
of meter they approve of, and it must be fixed by them and 
according to their regulations. 

Meters are very useful in large places, for the purpose of 
checking waste of water, as in most instances, the proper average 
quantity that should be used can be arrived at. The " dial " 
should be read at stated times, once per day or week, according 
to the necessities of the case ; this always has a good moral 
effect upon the workmen or attendants of a works or other 
place, and also acts as a preventive of waste. Plenty of water 
is a necessity, but waste under any circumstances should be 
prevented, especially in town supply, where the quantity avail- 
able is in many cases limited in proportion to the requirements 
of the place. 
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Tanks fob Storage, etc., 

when fixed on the top of any building, should be of cast 
iron, with planed joints, the pitch of the bolts not more than 
6 inches. The depth of the side plates should not exceed 
4 feet to 4 feet 9 inches, and where possible the total depth of 
the tank should not exceed 10 feet. For capacities of about 
20,000 gallons, the bottom plates should be f-inch to f-inch 
thick, and the sides ^-inch to f-inch. The flanges 3 inches 
wide, f-inch thick, bolts f-inch diameter, and 4-inch centres, 
with fillets f-inch thick between each bolt hole. Stays should 
be wrought iron, or copper, and for tanks not exceeding 3 feet 
6 inches in depth, one set at the top will be sufficient, 
attached to the side flanges with two £-inch wrought-iron plates 
taking 2 bolts ; the diameter of the stay not less than 1J inch 
and the pins the same size, to allow for corrosion, which nearly 
always takes place after a short time, especially in some waters 
which have a chemical action upon wrought iron. 

When the depth of the tank exceeds the dimensions named 
above, they should have 2 or 3 tiers of stays. At the centre of 
each stay rod a long nut should be provided to tighten up. 
Each joint of the bottom plates should rest on girders, and be 
bedded carefully. The inside of the tank should always be 
painted, and where there is much deposit, this must be done 
once or twice per year. 

All pipe outlets should be provided with strainers of cast 
iron, with fine holes drilled in them, and should stand up, say 
2 to 3 inches, from the bottom of the tank, to prevent any 
deposit from getting into the pipes and valves. 

The rising or delivery main, when possible, should deliver 
over the top of the tank. An overflow pipe of copper should be 
provided, with trumpet-shaped top, and gun-metal hollow plug 
and seat at the base. These pipes must always deliver where 
they can he seen, and must never be connected into a drain. A 
flat float made of copper should be provided, and a gauge placed 
in a conspicuous place to show the quantity of water in the 
tank and to prevent waste. A warning pipe should also be 
provided, and carried to the engine room, to give notice when 
the tank is full. The top of the tank should always be covered, 
and when placed outside the roof of a building, there should be 
a wood cover made of boards 1 J-inch thick, grooved and tongued, 
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and traversed with 1 J-inch boards, with a layer of thick roofing 
felt placed between, and strongly battened on the under side. 
When so protected, the water inside is seldom touched by frost. 
A manhole and door is provided to permit of examination and 
cleaning. It is preferable, wherever possible, to keep the flange 
joints of the plates outside the tank, as it is much easier to 
keep the interior clean, and the water then cannot act on the 
bolts and nuts. 

When tanks rest on brickwork walls and cross girders, the 
latter should have wide stone templates under them, and if 
possible, the wall finished with stone coping well bedded in 
cement. 

Hollow brick walls should never be used to support water 
tanks; they are not fit for the purpose, and many serious 
accidents have taken place by the failure of the walls when 
they have been used. 

Water Towers constructed in brickwork or masonry may 
be made circular or octagonal in shape, with a centre hollow 
pillar, in which a staircase may be formed; it is not only 
convenient, but adds much strength to the centre support. 
Eadiating girders of wrought iron to carry the tank should be 
fixed, resting on the outer walls. At the centre of the tank a 
hole equal to the internal diameter of the centre pillar should 
be left. For the cover of the tank, an iron roof should be 
constructed, resting upon the outer wall ; this may be covered 
with galvanized iron. The thickness of the walls will depend 
upon the height and weight of water in the tank, and the soil 
it rests upon ; no rules can be given as to this, as a special 
design must be made in all cases. 

Wrought-Iron Tanks may be used, when of moderate 
capacities, especially where light weight is an object; they 
should not be less than A-inch to 4-inch thick, riveted at 
the corners and bottom to angle iron, with T"i r °B stays on the 
outside. The top of side plates (for large sizes) should always 
be provided with an |_-iron ™g> to stiffen same, and to which 
a cover may be riveted when it is desired to keep the tank 
closed. The internal tie bolts and stays must be attached to 
the side plates, opposite the T-iron vertical outside stays. 
The fittings and supply pipes, &c, will be the same as for cast- 
iron tanks. 
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The girders to support wrought-iron tanks should not be 
more than 2 feet centres, and should come as nearly under, the 
joints as possible. The tanks must take a fair bearing upon the 
tops of girders by adjusting with iron packing pieces; this 
avoids straining the joints. 

Driving Gear for Pumps. — As before stated, p. 5, the 
author prefers, wherever possible, to communicate motion by 
using straps, except for well pumps, where tooth gear should 
always be used. 

Clutches for throwing out of gear, may be of the ordinary 
kind, with two nogs tapered at the points; they should fit 
close, to avoid any rattle and shocks to the pumps. Cone 
clutches may be used ; they should be of rather large diameter, 
to give a good grip without any undue strain upon the shafting. 
Patent grooved friction clutches may also be employed ; they 
act very well when properly proportioned, and the levers and 
other parts suitably designed. In all cases the speed of the 
engines should be slowed before throwing the machinery into 
gear; otherwise the sudden shock that is sure to take place 
may cause a serious fracture. 

When the well pumps are at some distance from the engine, 
they may be driven by a chain, or a round rope protected from 
the weather, or a small separate engine may be employed ; the 
steam can be carried any distance up to 500 feet from the 
boiler, when the pipes are well protected by composition and 
laid in a close trench, without much loss of pressure or conden- 
sation. In practice it has been found not more than 2 lbs. 
pressure per square inch is lost in such cases. 

Arrangement of Engines and Pumps. 

For pumping for town or other large purposes, two engines 
should be provided, one fixed on each side of the engine house, 
with spur-wheel gear from the crank shaft of the engine to 
work the threerthrow crank shaft of the pumps. Clutch motion 
should be applied to admit of either engine working each set 
of pumps, or the combined engines working the two sets of 
pumps. The air vessel can stand in the middle between the 
engines. The driving toothed pinions should be pitched and 
trimmed, and the spur wheels upon the three-throw crank 
shaft geared with wood teeth. Spare pinions and crank shafts 
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should be kept ready, the pinions made in halves for readily 
fixing on the crank shafts in case of a break-down. A duplicate 
crank shaft, interchangeable for either set of pumps, should 
also be provided; also duplicate valves for the pumps, and 
spare pump rods and extra buckets. 

In small places, the engine can be made with a double 
crank, with the pinion keyed on the outside of the bed plate, 
and working direct on to the spur wheel on the pump shaft. 

The wheels should work under iron guards, and the top of 
well protected by a rail, or covered over by wood boards or iron 
plates resting on girders. 

A neat and simple arrangement is to gear from the crank 
shaft on to an intermediate shaft, passing through the brick- 
work bed of the engine to the crank shaft of pumps working 
below the floor line ; in this case the top of well can be closed in 
with iron plates as named above, and a trap-door left in same 
to gain access when required. 
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CHAPTER V. 

AIR PUMPS, BLOWING ENGINES, AND COMPRESSORS. 

Air Pumps. — These pumps are used for various purposes, 
and the details vary according to circumstances ; some of the 
principal are hereafter described ; where they do not vary much 
in design, when they are used for some other purposes, they are 
not specially mentioned here. 

Air Pumps for Vacuum Pans. — The barrels should either 
be gun-metal, or cast iron lined with the former, say f -inch to 
£-inch thick. The buckets should have metallic packing, similar 
to the piston ring of a steam engine cylinder ; those made on 
the locomotive plan, viz. a single ring, with a tongue piece and 
back plate, answer the best. The ring should not have too 
much spring, and must fit the cylinder accurately. The valve 
of bucket may be gun-metal, and made to rise on the rod, or of 
red indiarubber, and attached to a gun-metal plate, as described 
at p. 3. The suction and delivery chambers are bolted on 
to the barrel, and the valves made in the same way. Where 
indiarubber is used the valve seats and the top of bucket are 
made with grids ; ample area must be given to the valves. 

The diameter and stroke of these pumps vary, according to 
the work to be done, from 10 inches to 30 inches diameter, and 
24 inches to 42 inches stroke. The speed should not exceed 
about 30 to 40 strokes per minute for the largest size, to allow 
the valve to close. The author has, however, worked pumps of 
this kind, 18 inches diameter by 30 inches stroke, up to 70 and 
75 strokes per minute. The rods should be of gun-metal or 
steel, either secured to the bucket by a key or by a solid collar 
in the rod, clipped by the "junk " ring of the bucket. The 
valves are sometimes made upon the " hat-band plan " ; they 
give very good results ; the valve seats in this case are a cylin- 
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drical grid, with a ring of thick indiarubber round same. They 
are not, however, so good as the other kinds named before, and 
are seldom used. 

Air Pumps, to work dry, for chemical vacuum pans, are 
made much the same as described at p. 47. The valves 
must not be made of indiarubber, but leather, say J inch to 
| inch thick, according to the size of the pump, fitted in the 
same way, and made to rise on the bucket rod, as before de- 
scribed. In some cases the valves are made of gun-metal, and 
either to rise upon the rods and pins, or of -the spindle kind. 
With pumps fitted with leather valves, the author has main- 
tained a vacuum of 29£ inches. Flap valves are not often used, 
on account of the noise in working. 

It is almost unnecessary to add, the work must be of the 
highest class, and the chambers where the valves work and 
other parts well proportioned as to area. 

To obtain a high vacuum, especially when the pumps do not 
exceed 6 inches to 8 inches diameter, they may be made the 
same as a force pump ; the piston is then allowed to work 
within | inch to T 3 ff inch at top and bottom of the cylinder, and 
the chambers kept small and close together to save loss of air. 
The forms of these pumps vary to suit circumstances ; they may 
be made horizontal and double acting ; when small, they should 
always be made in gun-metal ; a much more efficient pump 
is obtained in this way, and does not as a rule cost much more 
than if made of cast iron, with gun-metal valves and plunger. 

Air Pumps for condensing steam engines, and for vacuum 
pans, or where injection water is always used. — The pumps are 
sometimes sunk in a tank of water, and are open at the top, the 
water overflowing at the top receiver. They give very good 
results when worked upon this plan ; the wear of the rods and 
other parts is less, and the vacuum can be well maintained; 
the same remarks as to speed equally apply here. This is a 
very old type of pump ; it still, however, gives as good working 
results as any other kind, and from the facility of keeping pack- 
ings tight, is often preferred. 

Air Pomps for diving purposes. — To convey air to divers, 
and to " diving bells " under water, the following kinds of 
pumps are used ; the most effective are those made by Siebe, 
Gorman, and Co., of which the following is a description : — 
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The double-action pump consists of two barrels fixed in a 
box, and worked by a two-throw wrought-iron crank shaft, with 
fly wheel and winch handles. Two cast-iron side frames carry 
the crank and shaft The pumps are placed in a copper tank 
or box filled with water to keep them cool ; each pump will 
deliver 135 cubic inches of air per revolution of the crank, and 
can compress the air to 240 lbs. per square inch. The pistons 
of the pumps are composed of two leather cups, inverted. 
There are two valves at the top of the cylinder, one for the inlet 
of air and one for outlet, there are also two valves at the 
bottom. 

By these pumps, air can be supplied to two divers at the 
same time and working at different levels. Each diver in this 
case is in direct communication with one of the cylinders ; when, 
however, work is being carried on under water to a depth of 
90 feet, only one man should be supplied with air from the same 
pump. The pumps are enclosed in a strong teak case. There 
is a very ingenious arrangement of valves for distributing the 
air to the two divers, but as it is of a somewhat complicated 
nature it cannot be entered into here. 

These pumps are fitted in the most careful manner, and are 
very effective in their action. Only machines of the highest 
class should be used for this purpose, as it must be remembered 
the lives of the divers depend upon the perfect action of the 
pumping apparatus and gear. 

Three-cylinder pumps are also used ; these are more effective 
in action than the above, but only one diver can be supplied 
from them at one time. The cylinders or barrels are of gun- 
metal, and open at the top. Each piston is provided with 
a valve for the admission of air ; the outlet is at the bottom of 
the barrel. The cylinders are fixed in a tank of water as 
before. The working gear is by crank shaft as before described. 

The air pipes are of indiarubber, with iron wire embedded, 
and in lengths of about 30 to 40 feet ; the diameter is about 
f inch. They are fitted together with gun-metal joints. 

Aib Pumps fob Exhausting Aib from Chambers or from 
large cylinders and vessels, are made sometimes horizontal, as 
described for the force pumps, at p. 26, and are worked 
direct from the end of the steam cylinder, being fixed in the 
same bed plate. The valves are gun-metal, as before described 

E 
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for engine air pumps, but the piston of the cylinder is solid 
with metallic ring, and acts in the same way as a force pump. 
The pumps are usually large in diameter, and made with a 
stroke about double the diameter; they are usually made 
double acting. 

Pumps op the same kind, but made Vertical. — A very 
good form is one made by Messrs. George Waller and Co., of 
Southwark, where the steam cylinder is fixed on one side, and 
the air pump on the other side of the bed plate on an entabla- 
ture form of engine. These pumps are used for exhausting air 
from pickling cylinders for timber preserving ; they are made 
18 inches (and above) in diameter, and are worked rapidly ; the 
cylinders, from which the air has to be exhausted, are wrought 
iron, and 6 feet to 7 feet diameter, and 50 feet to 70 feet long. 
Only metal valves should be used in these cases, on account of 
the chemical vapours which are drawn away from the cylinder, 
which would act upon indiarubber or leather valves. The force 
pumps for driving in the sulphate of copper, creosote, or any 
other chemical used in the process, are fixed upon the same bed 
plate. They are made very strong, and the parts well pro- 
portioned, to avoid the chance of a break-down, which, in 
processes of this kind, is a very serious consideration. 

Air Pumps for Forcing Air into Apparatus. — These are 
made upon the same plan as plunger force-pumps, described at 
p. 17. They are usually made of gun-metal, and with plungers 
3, 4, and 6 inches diameter according to the work to be done. 

They are sometimes worked in sets of three, in a frame, and 
by cranks, driven either by strap from shafting or by a steam 
cylinder attached direct on the pump frame as before described. 
The area through the valves should be about one-fourth of the 
area of the plungers ; only small lift must be given to them. 
The face of the valve seat should be conical, and with small 
surface ; they must be a perfect fit to prevent any escape of air. 
The plungers must fit in the gland and collar bushes, and be 
well packed. Taking 3-inch diameter pumps as an average size, 
they may be worked up to 80 strokes per minute. Safety valves 
must be fitted to the pipes, to give relief in case of undue back 
pressure. 

Larger sizes, from 12 inches diameter to 24 inches and 
above, are made with solid pistons, and on much the same plan 
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as described at p. 26. The piston may have metallic or hemp 
packing. The pump barrels in this case are made of cast iron, 
and the valves of metal, indiarubber, or leather ; the piston or 
pump rod should be steel. All the joints of the pump and pipes 
should be faced, and the joints made with thin drawing paper well 
oiled. The passages must be kept compact to save loss of air. 
It must be borne in mind, it is more difficult to make the joints 
of vessels to retain air than any other fluid ; and if the receiver 
is of wrought iron it should be double riveted. It is also 
desirable to plane the edges of the plates, and drill all the holes. 
There are many other purposes for which air pumps of this 
class are used, but although the details vary with the special 
circumstances, the general form of the pumps is much the 
same. 

Blowing Engines (Drawing No. 6). — These engines were 
constructed by Messrs. Hick, Hargraves, and Co., of Bolton, and 
are designed to supply blast for the Bessemer process; they 
were made for the Mersey Steel and Iron Company in 1871, and 
are capable of supplying 1500 cubic feet of air per minute, at a 
pressure of 25 lbs. per square inch when running at 20 revolu- 
tions per minute, and indicating about 440 horse-power. 

The blowing cylinders are 54 inches diameter, the steam 
cylinders 40 inches diameter, and the stroke, viz. 5 feet, is com- 
mon to both. The admission and expulsion of air from the blow- 
ing cylinders is regulated by piston valves placed on the tops of 
the cylinders ; this form of valves is eminently suitable for this 
purpose, on account of their simplicity, durability, and the small 
amount of power required to work them. There are, in addition, 
non-return valves in the eduction pipes, to prevent leakage of 
air back into the cylinders, in the event of the piston valves 
getting worn. Steam is admitted, and exhausted to and from 
the steam cylinders by means of equilibrium lifting valves, 
actuated by " cams " placed on lay shafts running parallel to 
the axes of the cylinders, and driven by mitre wheels from 
the crank shaft. The exhaust valves have a constant motion 
or lift, but the steam inlet valves may have four lifts by 
moving the hand levers shown in the drawing, which slide 
the sleeves carrying the admission cams along the shafts, thus 
bringing different-shaped surfaces under the toes of the rate 
rods, and cutting off the steam earlier or later in the stroke. 

e 2 
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It will be apparent from the plans that the air cylinders lie 
behind the steam cylinders, and are bolted down to the 
same massive frame, thus making it a self-contained machine. 

In order to facilitate starting, and also to render a light fly 
wheel sufficient, two engines are employed, having their cranks 
at right angles. This plan also ensures more steady and regular 
delivery of the air, and saves much vibration in the machinery 
and gear. 

Boot's Patent Blowing Machines. — These machines are 
of the rotary class, and in design are on somewhat the same 
plan as Jones' patent gas exhauster. They can either be em- 
ployed to exhaust air or gases, or for blowing engines only, for 
smithies, blast furnaces, or for the purpose of ventilating mines ; 
they are also used for forcing air into drying rooms, for working 
pneumatic despatch tubes, and other purposes. 

The machine is constructed with two duplicate rotary 
pistons; they are fixed upon separate shafts, and work in a 
cast-iron case, having inlet and outlet openings, either at 
the top and bottom or at the sides. The two pistons are 
geared with tooth wheels, and work closely together, but are 
not in actual contact. 

The blowers are also made to work direct from a steam 
cylinder by two connecting rods, attached to the cross-head, 
working two crank discs, one being keyed on to the shaft of 
each rotary piston. The inlet of air is at the top of the casing, 
and the outlet at the bottom. 

These machines are also applied to the ventilation of mines; 
they do not differ in the system, but have pistons especially 
adapted for the purpose. One of these ventilators is in use at 
the Chiltern Colliery, Ferryhill, near Durham ; the pistons are 
25 feet diameter by 13 feet wide, and are keyed on steel shafts. 
The blower is driven by a pair of engines, 28 inches diameter 
by 48 inches stroke ; the engines are placed at right angles to 
the blower, with bevel-wheel gear 9 feet 2 inches diameter. 

When running at a speed of 15 revolutions per minute, the 
air discharged is 87,000 cubic feet per minute. The machine, 
when worked up to the full capacity, will discharge 200,000 
cubic feet of air per minute ; at 21 revolutions per minute, dis- 
charging 118,272 cubic feet of air, the water gauge being 
4*12 inches, the useful effect is 51 • 4 per cent. 
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Special Blowers are constructed to work at a pressure of 
3 lbs. per square inch, and to discharge 10,000 cubic feet of air 
per minute. The rotary pistons in this case are turned on the 
periphery, and the centre part shaped. They are driven by spur 
gear, and either by strap from a shaft or combined engine, as 
before described. 

For smiths 9 fires, a pressure of air equal to 12 inches of water 
will do ; melting iron in cupola, 20 inches. The maximum speed 
of these blowers is from 300 to 400 revolutions per minute. 

These machines can be applied to a large number of pur- 
poses in chemical works, and for exhausting gas in gasworks. 
Machines of this class are not very silent in working, but this is 
a matter of small importance compared with their efficiency and 
economy in the work done. It would be beyond the scope of 
this book to enter into any further detail of this class of 
machine ; enough has been stated to show what useful apparatus 
they are, and how well suited for the special purposes to which 
they can be applied. 

Aib Compressors (Drawing No. 7). 

These machines are made by Messrs. Hick, Hargraves, and 
Co., of Bolton, for mining purposes. Each machine consists of a 
pair of vertical inverted single-acting cylinders or pumps, sup- 
ported on cast-iron standards. A crank shaft by connecting rods 
works the pistons of the pumps, the shaft being driven by 
spur-wheel gear from any convenient engine. 

Single-acting cylinders for machines of this design have 
been found in practice the most effective; two cylinders are, 
however, used to equalise the resistance, and give a more 
regular flow of compressed air. 

The cylinders are each open at the bottom; the inlet of 
air takes place at this point in the descent of the piston, 
and discharged by the closing of the valves on the top of the 
piston and opening the valves in the top valve plates, the 
air being discharged through the centre pipe common to both 
pumps. The pistons are packed with steel rings ; the connect- 
ing rods are attached direct to same. The crank pins are 
placed at right angles. The valve plates of the piston and 
delivery consist of a number of small valves and seats, to 
which only a limited lift is given ; the pistons work up very 
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close to the top valve plate to prevent loss of air, and the space 
above the valve is economised as much as possible. The base 
plate is strong, and the A frames well spread at the feet to give 
steadiness. The machine is very compact, and being vertical 
takes up very little floor space. A good foundation of brick- 
work or masonry is necessary, and long holding-down bolts 
passing through same. The simplicity of the machine is appa- 
rent ; the details of the connecting-rod crank shaft being of 
the same type as usual in engine work; the cylinders are 
30 inches diameter by 24 inches stroke. This machine can 
have an engine attached direct to the pinion keyed on the 
crank shaft ; the two bed plates either being bolted together or 
cast in one piece. The steam cylinder can be placed either 
vertically or horizontally to suit the particular case. 

Air Compressors made by J. Fowler and Co., of Leeds, 
for Colliery Purposes (Drawing No. 8). 

These compressing machines are horizontal, and consist of a 
pair of coupled engines with two steam cylinders 34 inches 
diameter by 6 feet stroke, and the two air cylinders 40 inches 
diameter by 6 feet stroke. Pressure of steam, 40 lbs., cut off i. 
Air compressed to 40 lbs. per square inch. 

The engines are horizontal, of the usual type, with one fly 
wheel. The valve motion is of the Cornish kind, worked by 
cams. Steam valve 8 inches diameter, and exhaust 9 inches 
diameter. 

The air cylinders are worked direct off the piston rods of 
the steam cylinders, the air receiver being placed between the 
air cylinders. The cylinders are surrounded by water, and 
are double-acting. The inlet and outlet valves are in the 
covers at each end. The inlet valves are of the " clack " kind, 
with leather flaps ; there are three to each cover. There are 
two outlet valves at each cover — mitre valves of gun-metal with 
deep seats ; they are guided at the top spindle, and are fitted 
with spiral springs to ensure the closing of same. This kind of 
delivery valve has been found to work the best in practice. 

The speed of the pistons equals 240 feet per minute, and the 
horse-power indicated about 482. 

The air receiver is wrought iron, 5 feet diameter by 30 feet 
long, double riveted, provided with gauge, &c. 
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The useful effect at 40 lbs. air pressure equals 25*8 per 
cent., aud at 19 lbs. air pressure equals 45 * 8 per cent 

Engines of this kind are yery useful for supplying air to 
work hauling and other machines for underground work. As 
they are of a type well known, no further description seems 
necessary. It will be seen by the drawings that, owing to the 
great length, these machines can only be used where plenty 
of floor space is at command. 

Sturgeon's Patent Trunk Air Compressors 

(See Drawing No. 9). 

The machine about to be described is called a Class B. 

The machine is horizontal, with one steam cylinder. The 
bed plate in the centre forms the water space of the air 
cylinders. There are two air cylinders fitted into the bed 
plate, which is bored out at each end to receive them. The 
bottoms of the cylinders are faced to form the seats of the 
delivery valves, which are large cheese-shaped valves. They 
work in the bored carrier between the two cylinders, also 
forming part of the bed plate. 

These valves have white metal faces let in where they seat 
on the ends of the cylinders. The valves are kept up to their 
faces by spiral springs. 

The opening of the valves is regulated by the hard wood 
buffer. 

The inlet valves are in the hollow trunks at the bottom ; 
they work in a bored carrier forming part of the trunk pistons, 
the air passing in through the annular space. The seats of the 
valves are white metal similar to the delivery valves. A guard 
on the upper side controls the amount of opening given to the 
valves. The guards also have white metal faces to deaden the 
blow on the carriers when open. 

The two trunks are coupled by cross heads and side con- 
necting rods. The cross heads are fixed to the trunks, the 
side connecting rods working through four guides. The pump 
pistons work alternately, one taking in air, the other com- 
pressing its charge. The piston rod is attached to the cross 
head at one end, and the connecting rod from the crank pin to 
the fore trunk. The two trunks form guides, and thus save the 
complication of guide bars, as well as economise space. 
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The trunks fit the cylinder close, and have at the lower ends 
Ramsbottom steel rings. The lower parts of the trunks work 
very close to the delivery valves, leaving scarcely any clearance 
space for the expansion of air, and the cross head works up to 
the cylinder flange through a slot at each side of the outer 
ends of the cylinders. 

Double-Acting Compressoks driving by a separate engine 
at Ladyhore Colliery. 

Steam cylinders, 14£ inches diameter by 24 inches stroke; 
air cylinders, 14 inches diameter by 24 inches stroke ; steam 
pressure, 35 lbs. per square inch ; vacuum, 8 lbs. ; air pressure, 
60 lbs. per square inch. These compressors are used to drive 
the following machinery underground : — Two pairs of hauling 
engines with 8-inch cylinders by 15 inches stroke; one 
3-cy Under crab winch, 5 inches diameter by 5 inches stroke ; two 
direct-acting pumps, each 5 inches diameter by 9 inches stroke, 
and the blast for three smiths 9 forges. 

Compressed air can be used for a variety of purposes ; not 
only to work machinery, but for sewage purposes. On Shone's 
Patent Pneumatic system, Sturgeon's apparatus have given the 
best results. 
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CHAPTER VI. 

ENGINES FOB WOBKING PUMPS. 

There are various classes of engines used for working pumps, 
depending upon the quantity of water to be pumped and the 
circumstances of the particular case. Most of those in general 
use for this purpose will now be described in detail, to enable 
the reader to form an idea of the particular kind of engines 
most suitable to the case he has in hand to execute. In some 
cases the available space for the engine house will almost decide 
the question, and more especially where the pumping has to be 
done at an existing well surrounded by other buildings. Suit- 
able engines for nearly all cases likely to arise in actual 
practice are described, making it an easy task to make a proper 
selection. 

Horizontal High-Pbessure Engines (Drawing No. 10). 

When a moderate amount of water only is to be pumped, 
this class of engines are the best. They are very simple in 
construction, have few working parts, and can be looked after 
by unskilled men. 

An engine equal to 12 horse-power nominal, of this class, 
should be of the following dimensions : — Cylinder, 12 inches 
diameter by 24 inches stroke ; piston rod of steel, If inches 
diameter ; piston, 4 inches deep, packed with a single ring upon 
the locomotive plan, the rod being collared and clipped by the 
upper and lower joints of the piston. The area of the steam 
ports should be 7*5 square inches. Variable expansion gear 
should be fitted, capable of cutting off at £ to i of the stroke. 
Crank pin, 2| inches diameter by 3£ inches long. Crank shaft, 
4£ inches diameter. Main bearing of hard gun-metal, 4£ inches 
diameter by 5£ inches long. Connecting rod, wrought iron and 
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42-inch centres. Fly wheel, 7 feet 6 inches diameter, and to 
weigh 25 cwt., square rim, turned on the periphery, with split 
boss, and hooped with wrought-iron rings ; the wheel, should be 
carefully balanced. 

The bed plate is of the box form ; the size is about 11 feet by 
2 feet 4 inches. The bottom of the bed plate is planed to ensure 
an even bed on the stone, and is 5 inches deep and f-inch metal, 
held to the foundation by seven 1-inch diameter bolts passing 
through the bosses on the plates into the brickwork, and secured 
by plates, &c. The cylinder and jacket should be packed with 
felt and lagged with mahogany, secured by brass bands. 

The governor may be Porter's or Tangye's patent high 
speed. No force pump should be attached to the engine ; the 
boilers should be supplied by an injector or donkey pump in the 
boiler house, hereafter named (see p. 93). 

The pressure of steam should be 40 to 50 lbs. per square 
inch. The speed of piston not to exceed 250 feet per minute. 

The work should be the best ; and when this is the case, 
little or no repairs would be necessary for several years. A 
break-down with a pumping engine in most cases is attended 
with serious consequences, and every possible precaution should 
be taken to avoid it. 

Where the engines do not exceed 16 horse-power nominal, 
unless plenty of water can be had cheaply for condensation, 
high-pressure engines are the best to use ; where the power 
required is beyond this, another class of engine may be 
employed. 

These engines are usually made 8, 10, 12, 14, 16, 18, and 
20 horse-power, the dimensions varying to suit the power. The 
engine (12 horse-power) described in detail, has been given as 
a good average size. It would take up too much space in a 
work of this description to give all sizes in detail. 

Foundations. 

The height of the centre for an engine of this size (12 
horse-power) should be 2 feet 3 inches to 2 feet 6 inches from 
the floor of the engine house ; the thickness of stone 1 foot 
6 inches to 2 feet, the floor being 1 inch above the joint between 
the stone and brickwork. The depth of brickwork below the 
stone should be 4 feet, the footings three double courses. The 
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length of the holding-down bolts from top of stone 4 feet. The 
depth of the concrete 18 to 24 inches, spread 12 inches wider 
than the footings all round ; if the bottom is not good, more 
concrete should be used. 

In boggy places piles should be driven to the solid earth, 
cut off level at the tops ; a platform of timber should then be 
laid, and on this concrete at least 24 to 30 inches thick. 

The holding bolts must be provided with large plates and 
cottars, pulling against 4-inch stones (the full width of the 
foundation) at each set of bolts, or cast-iron plates may be used. 

A good foundation in the first instance will always prove 
the most economical in the end, as the wear and tear of the 
engine, especially if performing heavy work, will always be 
materially less. The chance of a break-down is also much 
lessened, on account of the rigidity of the engine and consequent 
freedom from vibration. Where stone cannot be procured, 
the engine may rest upon an oak frame bedded in the brick- 
work. 

High-Pressure Condensing Engines. 

This class are either made horizontal, as above, or beam 
engines. For sizes, however, up to say 16- to 18-inch cylinders 
they may be made horizontal. In this case, length and not 
height in the engine room has to be considered. The most 
simple form is constructed in the same way as the high-pressure 
engine named above, the air pump being worked at the back 
end of the cylinder direct, the condenser surrounding the pump. 
The cold-water pump is worked off the cross heads. Expansion 
gear is used, and steam at about the same pressure as named 
before. Engines of this class give very good results as to fuel, 
but the wear and tear is necessarily more than in high-pressure 
engines, on account of the increased number of moving parts. 

It is advisable to have a skilled attendant in charge, as the 
engines are more complicated in their action, and therefore 
require more careful attention. Particular attention is called 
to this, as ignorant men are too often placed in charge of such 
machinery. 

Beam Condensing Engines. 

Where the length of bed plate is an object, and where the 
cylinders are above 18 inches diameter, this form of engine 
possesses many advantages, although the first cost is much 
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higher than horizontal condensing engines. The cylinder is 
much the same as before, but fixed vertical. The beam should be 
formed of two wrought-iron slabs with wrought- or cast-iron 
distance pieces, to carry the gudgeons. The slides are worked 
by eccentrics from a rocking shaft, the eccentric rods being 
fitted with a gab end to allow the engine to be run either way. 
This arrangement is also very useful in starting a large engine, 
as, by means of a hand lever, the man can put the slide into 
any position and admit steam at either side of the piston. The 
air pump is worked half way between the cylinder and main 
centre, and is half the stroke of the cylinder ; it is constructed 
as described at p. 48. The condenser usually surrounds the 
pump ; the cold-water pump is worked off the other side of the 
centre near the crank. In some cases the pump for raising the 
water is worked direct off the beam near the crank shaft ; this 
plan is described in detail at p. 64. 

The piston speed should be slow, say 200 feet per minute. 
The fly wheel should be heavy and of large diameter, the weight 
being duly proportioned to the size of the engine. 

The entablature for main centre is either carried by a 
column or columns, or on a girder fixed in the walls of the 
engine house, which should be made thicker at this part. The 
entablature should be box section, well ribbed on the inside. 

High- and Low-Pressure Engines. 

This type of engine, known originally as the "Woolf " 
engine, is used when the quantity of water to be pumped is 
large, and for sizes, say, above 20 horse-power. 

They consist of two cylinders, one high-pressure and one 
low-pressure ; after the steam is discharged from the high- 
pressure cylinder it enters the low-pressure cylinder, which is 
assisted by the air pump in the same way as a condensing 
engine. A high rate of expansion is used. They are very 
economical in working, especially as to the consumption of fuel. 

They are made both in the form of " beam " and horizontal 
direct-acting ; one of each kind will be described ; the details of 
the various sizes of course vary very much, according to power 
of engine. 

There has been much discussion as to the economy of this 
class of engine ; it seems, however, now to be agreed that for 
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large engines, especially for pumping purposes, they give higher 
results than most of the usual types of rotating engines. 

High- and Low-Pressube Horizontal Engines. 

The most simple form, where space will allow, is to arrange, 
on one bed plate, the low-pressure cylinder at the back of the 
high-pressure cylinder, the air pump and condenser at the back 
again. It is a very good form of engine, but the length of the 
bed plate, unless there is plenty of space, precludes its general 
use. Except the addition of the low-pressure cylinder between 
the high-pressure cylinder and the air pump, it is the same kind 
of engine as the high-pressure and condensing engine described 
at p. 59. 

When the required floor space cannot be had, the air pump 
can be fixed vertical, and either be worked off the cross head 
by a rocking lever, from the end of the crank shaft at the front 
of the engine, or between the main bearing and the fly wheel, 
either direct by double crank or by gear ; the space at command 
between the bed plate and the fly wheel and other circumstances 
must decide this. 

No. 2 Form. — The high- and low-pressure cylinder may be 
placed side by side and worked by the same crank shaft, the 
air pump being surrounded by the condenser, and placed at the 
back of the low-pressure cylinder ; all the other details of cross 
head, &c, are much the same as before. One advantage of 
this arrangement is the space saved, which is often a very 
important consideration. 

Any of these horizontal types of engines can be constructed 
and fixed at less cost than any form of vertical engine ; the 
foundations and the cost of the engine house also are far less. 
All the strain is direct, and kept low ; the shocks, when pumping 
for high lifts, are much less than with vertical engines, added 
to which the parts are so comparatively simple that a less 
skilled attendant is required to look after them, and the chances 
of a break-down are more remote. Some of the types of the 
above engines are specially described at p. 75, with working 
results ; they have been specially selected to give data of actual 
performance spread over a long period. 
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High- and Low-pressure Vertical Engines. 

These engines are constructed with an entablature resting 
either on four or six columns bolted to the bed plate. The 
high-pressure cylinder being placed at the front and the low- 
pressure next, the air pump fixed either close to it or on 
the outer side of the frame ; a three-throw crank, running in 
bearings fixed on the top of entablature, is worked by the 
cylinders ; the air pump and condenser in this case are placed 
below the floor line, and the cold-water pump worked off the 
cross head of the ait pump. In some cases the low-pressure 
cylinder is fixed below the high-pressure under the floor line ; 
when this is done, all the parts should be arranged to allow of 
easy access ; no entablature is used in this case, but A frames 
fixed to a bed plate ; the cost of the foundations is, however, 
much increased by this arrangement, and for several reasons 
this form of engine is not to be recommended unless the circum- 
stances of the case leave but little choice. 

High- and Low-pressure Beam Engines. 

The compound principle was first applied to this form of 
engine, and where space will allow, and the first cost is not the 
only consideration, they are a very suitable form of pumping 
engine. The two cylinders are placed side by side, the high- 
pressure being at the end of the beam, the low-pressure close to 
it (or the reverse), and the air pump with its condenser below, 
about midway between the high-pressure cylinder and the main 
centre. The pump is either worked off the other end of the 
beam, near the crank shaft, as described at p. 64, or by means 
of spur gear from same, working a separate shaft driving the 
pump shafts; this latter arrangement must always be made 
when there are three pumps to be worked. 

These engines give very good results, and when worked at 
a piston speed not exceeding 200 feet per minute, the con- 
sumption of fuel does not exceed 2 lbs. per horse-power per 
hour. The foundations should be heavy and the walls of the 
engine house substantial. The wear and tear of these engines 
is not great, the work is done quietly and very free from vibra- 
tion. Steam of 50 to 60 lbs. per square inch is used, and the 
cylinders are fitted with variable expansion gear ; the cylinders 
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should be steam jacketed, felted, and lagged with mahogany ; 
all the pipes should be protected in the same way. In some 
cases super-heaters are used with much advantage. 

These engines, in the author's opinion, cannot be very ad- 
vantageously employed except where the quantity of water to be 
pumped is large. Skilled men only should be allowed to have 
charge of such costly machinery ; all the glands want very careful 
packing, not only to prevent loss of steam, but to save any undue 
friction ; the parallel motion must also have very careful super- 
vision. 

The kinds of valves used for the steam and exhaust differ : 
one plan is a D slide, with a grid at the back for the expansion 
slide to work on ; or valves on the Cornish system of gun-metal 
double beat, or on the " Corliss " system. Engines of this kind 
will now be described, from which, it is hoped, a good idea may 
be formed by those who are not intimately acquainted with 
such machinery. 

High- and Low-pressure Compound Beam Engines (Drawing 
No. 11), constructed by Messrs. Simpson and Co. for the 
Lambeth and the Chelsea Water Works Companies. 

These are beam engines, and are worked coupled, with one 
fly wheel, the cranks being 6et at right angles. The high- 
pressure cylinders are 28 inches diameter by 5 feet 6| inch 
stroke, and the low-pressure cylinders 46 inches diameter by 
8 feet stroke. One pump to each engine, 23f inches diameter 
by 6 feet 11 inches stroke. 

The beams are cast iron, consisting of two cheeks, with 
wrought-iron gudgeons ; the length between the end centres is 
26 feet 6 inches, the depth at the centre is 5 feet. The main 
centre is 1 foot 4J inches diameter, the height of same from 
the engine-house floor being 21 feet 4 inches. The fly wheels 
(one to each pair of engines) are 21 feet diameter and weigh 
13 tons. 

The pistons of each cylinder are made solid, the high-pressure 
being 20 inches deep, low-pressure 12£ inches ; both are packed 
with Bamsbottom steel rings. 

The air pumps are 30 inches diameter by 3 feet f inch 
stroke, and are worked off the beam at the same side of the 
main centre as the steam cylinder ; the condensers are placed 
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below the floor line. The cold-water pumps are 3 feet | inch 
stroke, and are worked off the beam near the main pumps. 

The valves for the cylinders are of the piston kind, and are 
worked by a " cam " driven by cross shaft and bevel gear. 
The cut off varies from one-third to two-thirds of the stroke ; 
this system of valves answers perfectly. The cylinders are 
steam jacketed at the sides and bottoms. 

The pumps are of the bucket-and-plunger kind, the buckets 
being 24 inches diameter by 6 feet 11 inches stroke; the 
plungers are 16£ inches diameter. The suction valves of the 
pump are annular, of gun-metal, working on gun-metal seats. 
The buckets of the pump have a single annular valve; the 
buckets are connected to the plungers by a rod keyed into a 
socket, with a collar upon same to regulate the opening of the 
valve. The delivery valves are of gun-metal and of the flap 
kind. 

The connecting rods to the cranks have single ends, and 
work between the cheeks of the beam. The connecting rods to 
the pumps are double, and are placed on the outside of the 
beam, and near the end centre ; they are about 24 feet long, 
centres to centres, and I section ; the lower ends of the rods are 
attached to a cross head to which the plungers are keyed ; the 
cross head is fitted with rubbing guides, which work on guide 
bars fixed on either side of the pumps. This is a very inge- 
nious arrangement, as it enables the pumps to be placed near 
the end of the beam, the cranks working in between the double 
rods and clearing the cross heads. 

The pressure of steam used in the cylinder is 40 lbs. per 
square inch. The coal used by these engines is 1 * 61 lb. per in- 
dicated horse-power per hour. 

The author gives, on the following page, a Table (A) of a trial 
of engines of this kind, made by T. Hawksley, Esq., M.I.C.E., 
which gives very remarkable results as to water pumped and 
fuel consumed. 

These engines have been free from break-downs; at the 
Lambeth Company's works six sets have been working in one 
house for the last thirty years, and are working now (1882) in 
the same steady way as they were in 1864, when the author 
previously saw them. He was lately informed by the super- 
intendent of the works that no beam or connecting rod has ever 
been fractured, a fact that shows the careful design of the 



TRIAL OF COMPOUND ENGINES. 



I? 
ft 

Ml 
III 



V*>1 I paspu *eqq 



Ms r 



-^^:i;i^S3SS83 



':■■■. . 



^O 3 

■4 *!* - 
ill 

I" 

ill 
P.! 

SSI 



53 33 33 333 33 









SS3ii353s = :=;.= = 



wwivmMi 






J3gpSS?ES£SS 



■nianrj^gojaqiBTix 



sSSss5csssI 



1 



IB I a 
lis j 



1 Hit 

eft -SSs- 



pi 

III 

ill 



i t? : 



ill!? 

f-slal * 

5 111 I* 



Mil 

lass 



s 3? 115 
f! 'ill 

I 

ii 4 !| 

IMIM 

|ii|3|i 

81 lit 
I I P 



66 PUMPS AND PUMPING MACHINEBY. 

sections, good quality of the castings, and workmanship. The 
engines at Ditton pump the water, through a 30-inch diameter 
main, 10£ miles, to Brixton, under a head of about 200 feet 
The speed of working is about fourteen revolutions per minute 
of the crank shaft. 

High- and Low-pressure Compound Beam Engines for 
Low Lift, working at the Lambeth Waterworks at Ditton, 
also by Messrs. Simpson and Co. 

They were each designed to pump 420,000 gallons of water 
per hour 35 feet high. There are two sets of engines, each of 
which may be described as double engines, having two beams 
each, the high-pressure cylinder working one beam and the low- 
pressure cylinder the other, with one crank shaft and fly wheel 
to each set. The steam passes through a steam-jacketed 
receiver on its way from the high-pressure to the low-pressure 
cylinder. There are four pumps to each engine working on 
either side of the main centres. 

The high-pressure cylinder is 1 foot 9 inches diameter ; low- 
pressure ditto, 3 feet diameter by 5 feet 6 inches stroke. 
Pump plungers 2 feet 3 inches diameter by 4 feet stroke. 

The pressure of steam is 60 lbs. per square inch cut off at 
one-fifth of the stroke. 

The speed of piston is 240 feet per minute. The quantity 
of water pumped by each of the engines is 490,000 gallons per 
hour. The performance of these engines and their steady 
working is remarkable, even when running at 330 feet per 
minute. It may be mentioned that the quantity of water 
thrown by both engines under these circumstances equals about 
100 tons per minute. 

The description of engines given fairly represents this kind ; 
and although in some instances the dimensions may differ, the 
working results as to fuel and cost of pumping will be much 
the same. 

Table B shows the result of a trial made of these engines 
by] Mr. John Taylor, M.I.C.E., in October, 1881. In the 
author's practice he has never met with such a result — the fuel 
consumed per indicated horse-power = 1 • 55 lb. Welsh coal, 
and the duty = 103 * 112 million foot-pounds per 112 lbs. of coal. 
The table is so clear that it does not require any further ex- 
planation. 
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Table B. 

Official Trial of Two Low Lift Pumping Engines, constructed by Simpson 
and Company. Grosvenor Road, Pimlico, London, S.W., for the Lambeth 
Watebwobks Company, Ditton. July, 1881. 

These engines were each designed to pump 420,000 gallons of water per hour 
35 feet high to supply the new filter beds. 

They are compound beam, with the cranks set at right angles, the steam from 
the high-pressure cylinder passing through an intermediate receiver on its way 
to the low-pressure cylinder. 

The cylinders and receivers are completely steam-jacketed with boiler steam. 

Steam was supplied by four Cornish boilers, each 5 feet 6 inches in* diameter 
by 27 feet long. 

Welsh coal was used, and the trial was carried out by John Taylor, Esq., 
M.I.C.E., on September 30th, 1881. 

Leading Dimensions of Engines and Pumps. 

ft. in. 

Diameter of small pistons 19 

Diameter of large pistons .. .. 3 

Stroke of pistons 5 6 

Diameter of pump plungers 2 3 

Stroke of pump plungers 4 

Number of plunger pumps to each engine 4 

Observations Taken. 



Time. 


Nos. on Counters. 
Engine I E Engine L M 


Average Revolutions 
per Minute. 

IK LM 


Average Height 
of Lift 


Average Boiler 
Pressure. 


10.0 A.M. 
6.15 P.M. 


00000 
10,545 


00000\ 
10,785/ 


21-3 


21-79 


feet 
34-974 


lbs. 
59-26 



Time. 


Average Vacuum. 
IK LM 


Barometer. 


Average Gallons per hour. 
IK LM 


10.0 am/1 
6.15 p.m./ 


27-90 


27-54 


30*41 


481,400 


492,350 



Table of Results. 



Total average 
Actual Horse- 
power in Water 
lifted by both 
Engines. 


Total Coal 

used, including 

100 lbs. of 

Ashes. 


Duty per 

112 lbs. of Coal 

in million 

foot-lbs. 


Mean Indicated 

Horse-power of 

"both Engines. 


Lbs. of Coal 

per Indicated 

Horse-power 

per Hour. 


Lbs. of Coal 
per Actual 

Horse-power 
per Hour. 


172 011 


cwt. 
27-25 


103-112 


238-77 


1-55 


215 



The quantity of water pumped was determined by the careful measurement of 
a reservoir which contains 2,103,603 gallons ; and at a trial made August 31st to 
ascertain the least time in which the reservoir could be filled, the engines pumped 
2,103,603 gallons in 1 hour 40 minutes, thus exceeding their contract quantity by 
50*25 percent. 

(Signed) John Taylor, M.I.C.E. 

October, 1881. 

F 2 
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High- and Low-Pressure Pumping Beam Engines at 
Clifton, near Bristol, made and erected by Mbrs iml 
Simpson and Co. (Drawing No. 12). 

The pumping machinery consists of two pairs of compound 
beam engines of the intermediate receiver type, actuating four 
double-acting pumps of the kind known as u bucket and 
plunger." 

Each pair comprises two complete single engines, viz. one 
high- and one low-pressure engine, coupled together by means 
of cranks at right angles on one fly-wheel shaft. 

Each single engine, with its pump, is complete in itself, and 
can be worked independently, but they are coupled in pairs in 
ordinary work, so as to obtain the maximum uniformity of rota- 
tive effect in the engine with a high rate of expansion, and 
likewise to regulate the relative action of the pumps in order 
to obtain the most uniform flow of water in the suction and 
delivery mains. 

The high-pressure cylinders are 25 J inches, and the low-pres- 
sure 38 inches diameter, both having a stroke of 5 feet 6 inches. 
They are each connected to the ends of their respective beams 
by a simple single-link parallel motion, the extreme opposite 
ends of the beams being connected to the cranks which govern 
the relative movement of each pair of steam pistons and pump 
buckets. The distance between the cylinders and connecting- 
rod gudgeons on the beams is 18 feet 10f| inches. 

The cylinders are completely enveloped with a steam space, 
which is so connected to the boilers as practically to form a part 
of the same. The lowest part of the steam space of each 
cylinder is considerably above the tops of the boilers, and all 
the steam flow and return connections are arranged with a con- 
tinuous fall, without water pockets, so as to promote an active 
circulation of steam at the temperature of the boilers. 

The whole of the external surface of the cylinders is coated 
with non-conducting composition, and covered on the sides with 
polished mahogany lagging, and on the tops with bright moulded 
cast-iron covers. 

The distribution of the steam is effected by slide valves 
with Meyer's expansion gear. Each end of all the cylinders 
has its own set of valves, which can be easily and independently 
adjusted to regulate the various points of the distribution ; and 
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the period of steam admission into both high- and low-pressure 
cylinders can be varied from to *75 of the stroke while the 
engines are working. 

The intermediate receivers are also each enveloped by a 
steam space, covered with non-conducting composition, and 
lagged similar to the cylinders. In order to render them more 
efficient as superheaters, the steam on its passage through each 
is conducted past a narrow annular space, formed by an inside 
cylindrical casing, and the inner walls of the space filled with 
steam at a high temperature. 

The high-pressure cylinder can be shut off, and the receiver in 
each case supplied with steam direct from the boilers, when it is 
desired to work the low-pressure engine by itself, and vice versa. 

The steam is exhausted from the low-pressure cylinders 
into surface condensers placed on the main leading from the 
supply reservoir to the suction standpipes. The surface con- 
densers are cylindrical, filled with gun-metal tubes, through 
which the exhaust steam passes, the water from the reservoir 
flowing to the standpipes outside the tubes. 

The air pumps are placed close to the condensers, but at a 
lower level, so as to thoroughly drain the same, and are single- 
acting bucket pumps, worked direct from the beams of the low- 
pressure engines. 

The condensed water is discharged into a cistern, from 
which it is drawn by the feed pumps, and again forced back 
into the boilers. By this arrangement the quantity of water 
required for working the engines is reduced to a minimum, 
thereby effecting a great saving, the water supplied to the main 
pumps having been filtered and already raised to a great height, 
and being therefore very valuable. 

The main pumps are 17£ inches diameter by 4 feet 7-^- inches 
stroke. They are divided in pairs, corresponding to the high- 
and low-pressure cylinders of each pair of engines, and are 
driven from the crank-shaft ends of the main working beams. 

Each pair of pumps are fixed on one suction pipe, and draw 
their water from single open-topped standpipes placed in the 
pump wells, both of which receive their supply through one 
long main from a reservoir some distance away. 

There are two delivery air vessels, one for each pair of 
pumps, the outlets of which are connected into one main 
delivery pipe. 
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The pump valves are of the double-ring description, with 
four beats of sufficient diameter and area to admit of the pumps 
being worked with the greatest economy, at a speed of twenty 
double strokes per minute. 

Table C shows the result of a trial of two compound engines, 
also made by Mr. John Taylor, M.I.C.E. The table speaks for 
itself, and needs no further comment 

Table C. 

Official Trial of two Rotative Compound Beam Engines, constructed by 
Simpson and Company, Grosvenor Road, Pimlioo, London, B.W., fob 
the Clifton Extension of the Bristol Waterworks. 

These engines were designed to pump together 180,000 gallons of water per 
hour, 175 feet high. 

They are on the system of E. A. Cowper, Esq., with an intermediate receiver, 
through which the steam passes on its way from the high-pressure to the low- 
pressure cylinder. 

The cylinders are completely steam-jacketed with boiler steam, and the 
delivery from the pumps passes through a surface condenser. Steam was obtained 
from two Lancashire boilers, 7 feet in diameter by 30 feet long. 

Welsh coal was used, and the trial was carried out by John Taylor, Esq., C.E. 

Leading Dimensions of Engines and Pumps, 

ft. in. 

Diameter of piston of small cylinder 2 1} 

Diameter of piston of large cylinder 3 2 

Stroke of pistons 5 6 

Diameter of barrel of bucket-and-plunger pumps (two to 

each) 1 5} 

Stroke of pumps 4 7| 









Observations taken 


,. 








Date of Trial. 


Nos. of Counters. 


Average Revolutions 
per Minute. 


Average 

Height of Lift 

from Mercurial 

Gauge. 


Average 

Boiler 

Pressure. 


April 13th, 1880. 
7.51 A.M. 

1.27 p.m. 
2.27 „ 
4. „ 


No. 3. 
405,240 
411 ,666 
412,518 
414,352 


No. 4. 
408,500 
415,030 
415,030 
416,804 


No. 3. 

1912 

14-2 

19-72 


No. 4. 
19-43 
19-07 


196-86 
176-00 
196-97 


60-0 
57*0 
601 


Date of Trial. 


Average Vacuum. 


Barometer. 


Average Gallons 

of Water 

delivered per 

hour. 


Remarks. 


April 13th, 1880. 
7.51 A.M. 

1.27 p.m. 
2.27 „ 
4. „ 


No. 3. 

275 

27*4 
27-7 


No. 4. 

27-7 
27-7 


29-75 

• • 


222,796 

82,047 

224,161 


Fires had to be cleaned 
out at 1.27 p.m., and 
No. 4 engine was 
stopped for 1 hour, 
as steam ran down. 
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Tables of Results. 



Total average 
Actual Horse- 

W power in 
ater, lifted 
by each 
Engine. 



Total Coals 

used, including 

3*29 cwt. of 

Ashes. 



98*88 



33*29 



Duty per 
112 lbs. of 

Coal in 
millions of 

foot-lbs. 



Mean 

Indicated 

Horse-power 

of each 

Engine from 

Diagrams. 



98-67 



117-5 



Lbs. of Goal 
perlndicated 
Horse-power 
per hour. 



Lbs. of Coal 
per Actual 

Horse-power 
per hour. 



Cwts. of Goal 

^including 

Ashes) per 

hour taken 

on the total 

Actual Horse- 
power. 



1-94 



2-32 



4-06 



April, 1880. 



(Signed) 



John Taylor, O.E. 



Note.— In the above table the ashes, amounting to nearly 10 per cent, of the 
total coal used, are included ; if they were deducted the results would be as 
under : — . 



Total average 
Actual Horse- 

Wx>wer in 
ater lifted 
by each 
Engine. 



Total Coals 

usedincwt8. 

(Ashes 

deducted). 



98*38 



30*00 



Duty per 
112 lbs. of 

Coal in 
millions of 

foot-lbs. 



109-49 



Mean 

Indicated 

Horse-power 

of each 

Engine from 

Diagrams. 



Lbs. of Coal 

E>r Indicated 
orse-power 
per hour. 



Lbs. of Goal 

per Actual 

Horse-power 

per hour. 



117*5 



1-75 



2-09 



Cwts. of Coal 
(deducting 
Ashes) per 
hour taken 
on the total 

Actual Horse- 
power. 
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High and Low Pressure Compound Beam Engines for 
Waterworks Pumping. — Constructed by Messrs. Easton 
and Anderson (Drawing No. 13). 

The following engines were manufactured and erected by 
Messrs. Easton and Anderson. A short description is given of 
each, with actual data of working results. It will enable the 
reader to form an idea of the dimensions, &c, of engines suit- 
able for the performance of a required amount of work. They 
are all made on much the same plan, but differ as to details. 
The leading dimensions of several engines by this firm will now 
be given, with actual working results, both as to water pumped 
and fuel consumed. 

1. Brighton Waterworks. — One of the engines is constructed 
as follows : — 

It is a double cylinder, compound, condensing beam engine, 
with two deep-well lift pumps under the beam, one on each 
side of the centre of the beam, one high lift bucket and 
plunger pump under the beam on the crank side, and a similar 
pump placed under the outer end of the fly-wheel shaft, and 
worked by a crank on same. Cylinders 28 inches diameter by 
5 feet 4| inches stroke, and 46 inches diameter by 8 feet stroke. 
The number of revolutions per minute = 16. Deep-well pumps, 
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each, 33£ inches diameter by 2 feet 6 inches stroke, with a 
lift of 129 feet net. One bucket and plunger pump, under 
beam, for middle service, 24 inches and 17 inches diameter, by 

3 feet 6 inches stroke; 92 feet lift net. One similar pump, 

4 feet stroke, for high service, with a lift of 166 feet net. 
Engine indicates 250 to 300 horse-power. Efficiency 75 to 80 
per cent. 

Portsmouth Waterworks. — One of the engines is as follows : — 
It is a double cylinder, steam-jacketed, compound, condensing 
beam engine, working one double-acting pump under the beam, 
on the crank side. Cylinder 27 inches diameter by 3 feet 
9 inches stroke, and 38 inches by 6 feet stroke. Pump 23 
inches diameter by 3 feet stroke. Number of revolutions per 
minute = 22, indicating 140 horse-power. Total head on 
pumps = 160 feet. Work done = 2376 gallons of water lifted 
per minute. 

Lambeth Waterworks. — One set of the engines is as fol- 
lows : — 

Two single cylinder, steam-jacketed, beam engines, with 
surface condenser, acting on cranks at right angles on the same 
fly-wheel shaft, form together a compound engine. Each 
engine works one bucket and plunger pump under the beam on 
cylinder sida Cylinders 22£ inches diameter and 45 inches 
diameter by 5 feet 6 inches stroke. Pumps 22} inches and 
16 inches diameter by 2 feet 9 inches stroke. Number of revo- 
lutions per minute = 22, indicating 163 horse-power. Total 
head on pumps = 226 feet. Work done = 2083 gallons of 
water lifted per minute. Efficiency 89 to 91 per cent. 

Antwerp Waterworks. — There are four double cylinder, 
steam-jacketed, compound, condensing beam engines, arranged 
in two pairs, each pair being connected by working cranks at 
right angles at the end of a fly-wheel shaft common to both. 
Each of the four engines works one bucket and plunger pump 
under the beam on cylinder side. Cylinders 18£ inches diameter 
by 3 feet 8 inches stroke, and 30 inches diameter by 5 feet 
6 inches stroke. Pump 22} inches and 16 inches diameter by 
2 feet 9 inches stroke. Number of revolutions per minute » 
22, indicating 100 horse-power. Total head on pumps = 280 
feet. Work done = 1042 gallons of water lifted per minute. 
Efficiency nearly 90 per cent. 
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Bamsgate Waterworks. — A double cylinder, steam-jacketed, 
compound, condensing beam engine. The fly-wheel shaft carries 
spur gearing to drive two sets of three-throw pumps, one wheel 
in each set of gearing being made to slide in or out of gear, if 
required. Cylinders 15 inches diameter by 3 feet \\ inch 
stroke, and 25 inches diameter by 4 feet 6 inches stroke. 
Number of revolutions per minute = 30, indicating 75 horse- 
power. First set of pumps is 14 inches diameter by 2 feet 
stroke; second set of pumps is llf inches diameter by 2 feet 
stroke. Each set makes 13 revolutions per minute. Total 
head on pumps = 200 feet, and at times more. Work done by 
first set of pumps = 516 gallons lifted per minute ; work done 
by second set of pumps = 360 gallons lifted per minute. 

SevenoaJcs Waterworks. — A similar engine to the last, 
working one set of three-throw pumps only. Cylinders 12J 
inches diameter by 2 feet stroke, and 20 inches diameter by 
3 feet stroke. Number of revolutions per minute = 40, indi- 
cating about 45 horse-power. Pumps llf inches diameter by 
2 feet stroke, making 12 revolutions per minute. Net head to 
which water is lifted = 275 feet. Work done = 338 gallons 
lifted per minute. 

It will be observed that all the engines named give very 
high results as to economy in fuel; they are fine machines, 
perform their duty in the most admirable manner, and reflect 
the highest credit upon Messrs. Easton and Anderson. 

The author believes the firm were one of the first to apply 
the compressed system to waterworks pumping, and for 
upwards of thirty years have successfully carried out many 
large works of this kind, only a few examples of which could 
be described in the space at disposal. 

Horizontal Direct Acting Pumping Engines, constructed by 
Messrs. Hick, Hargraves & Co., Bolton. (Drawing No. 14). 

These engines have cranks at right angles arranged to 
be worked either together or separately. The steam cylinders* 
which are 24 inches diameter by 4 feet stroke, are con- 
nected with the crank shaft pedestals by " Corliss " frames, 
which allow of a maximum strength with a minimum of 
weight, the material being disposed in the direct line of 
the strain, and not, as in the old form of frame, at some 
distance below it. The pumps lie behind the cylinders, and 
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are bolted down to a sole plate, which extends under the 
cylinders also. The valves of the steam cylinders are common 
slide valves, having " Meyer " cut-off valves working on their 
backs, which can be made to approach, or to recede from one 
another by means of right and left handed screws formed on 
the valve rods, thus increasing or diminishing the lap, and 
cutting off the steam earlier or later in the stroke. The pumps 
are double acting, and are 9 inches diameter by 4 feet stroke ; 
the valves are of gun-metal, working on gun-metal seats. The 
pumps draw water from a well 13 feet deep, and deliver it at a 
height of 240 feet through 3500 yards of 9 inch and 8 inch 
pipes. They are calculated to deliver 40,000 gallons per hour 
when running at their nominal speed of 22 revolutions per 
minute ; this corresponds to an indicated horse-power of 140. 

These engines were made in 1874, and are for supplying water 
to the hydraulic establishment at the Eoyal Arsenal, Woolwich. 
They are a good example of this type of pumping engine ; well 
designed, and suited for the work to be done. 

The Differential Pumping Engine 
(Drawings Nos. 15 to 18). 

Davey's Patent Pumping Engines. — These engines are 
constructed by Messrs. Hathorn, Davey, and Co. of Leeds, and 
are on an entirely different system to the ordinary type of pump- 
ing engines. A description is given in detail, describing the 
system, and also data of actual working results. The engines 
are specially adapted for deep-well and mine pumping, and for 
the heavier class of work, and have been adopted largely for 
the water supply of towns. 

The differential engine exists in two distinct types, viz. the 
single cylinder and the compound engine ; the latter, admitting 
of being worked with high degrees of expansion, is capable of 
realising the greatest economy in fuel. 

The differential gear is equally applicable to vertical or 
horizontal engines, the former type being usually adopted for 
water works or sewage pumping engines ; while for mines, where 
it is often impracticable to place cylinders vertically above the 
shaft, the latter, working either from the surface by means of 
quadrants, or underground with the well-known double-ram 
pump, is usually employed. 

The chief peculiarity in the invention is the simple manner 
in which the engine is made perfectly safe in working under 
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all conditions of load, automatically varying its supply of steam 
in proportion as the load on the engine increases or decreases, 
the distribution of steam being such that the pumping is per- 
formed without shock. 

The distribution of steam is effected by coupling the motion 
of the engine with that of a piston having a uniform velocity. 
The engine is made to cut off steam by its motion, whilst the 
uniformly moving subsidiary piston is employed in admitting 
it. As long as the resistance to the engine is sufficient to 
prevent its motion becoming relatively equal to that of the 
subsidiary piston, steam is admitted up to a fixed point of cut 
off; but should a loss of resistance or a superior pressure of 
steam cause the engine to acquire a speed relatively greater 
than the speed of the subsidiary piston, then the motion of the 
steam valve would be reversed earlier, and the supply of steam 
would be adjusted to the altered . conditions. The modus 
operandi is best illustrated by the following diagrams. 

The action of the differential valve gear is illustrated in the 
diagrams, Drawing No. 19. These diagrams are not drawn 
to scale, but are intended to show clearly the action of the 
gear; whilst Drawing No. 20 shows a practical example of 
its application to a compound engine. The main slide valve G 
is actuated by the piston rod through a lever H working 
on a fixed centre, which reduces the motion to the required 
extent and reverses its direction. The valve spindle is not 
coupled direct to this lever, but to an intermediate lever L, 
which is jointed to the first lever H at one end ; the other end 
M is jointed to the piston rod of a small subsidiary steam 
cylinder J, which has a motion independent of the engine 
cylinder ; its slide valve I, being actuated by a third lever N, 
coupled at one end to the intermediate lever L, and moving on 
a fixed centre P at the other end. The motion of the piston in 
the subsidiary cylinder J is controlled by a cataract cylinder K 
on the same piston rod, by which the motion of this piston is 
made uniform throughout the stroke ; and the regulating plug Q 
can be adjusted to give any desired time for the stroke. 

The intermediate lever L, has not any fixed centre of 
motion, its outer end M being jointed to the piston rod of the 
subsidiary cylinder J ; the main valve G consequently receives a 
differential motion compounded of the separate motions given to 
the two ends of the lever L. 
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If this lever had a fixed centre of motion at the outer end 
M, the steam would be cut off in the engine cylinder at a con- 
stant point in each stroke, on the closing of the slide valve by 
the motion derived from the engine piston rod ; bat inasmuch 
as the centre of motion at the outer end M of the lever shifts in 
the opposite direction with the movement of the subsidiary 
piston J, the position of the cut-off point is shifted, and 
depends upon the position of the subsidiary piston at the 
moment when the slide valve closes. At the beginning of the 
engine stroke, the subsidiary piston is moving in the same 
direction as the engine piston, as shown by the arrows ; and 
in the instance of a light load, as illustrated, the engine piston 
having less resistance to encounter, moves off at a higher 
speed, and sooner overtakes the subsidiary piston, moving at a 
constant speed under the control of the cataract ; the closing of 
the main valve 6 is consequently accelerated, causing an 
earlier cut-off. But with a heavy load, the engine piston 
encountering greater resistance, moves off more slowly, and the 
subsidiary piston has time consequently to advance further in 
its stroke before it is overtaken, thus retarding the closing of 
the main valve Gr, and causing it to cut off 4ater. At the end 
of the engine stroke, the relative positions become reversed, in 
readiness for the commencement of the return stroke. 

The subsidiary piston J, Drawing No. 20, being made to 
move at a uniform velocity by means of the cataract K, the cut- 
off consequently takes place at the same point in each stroke, 
so long as the engine continues to work at a uniform speed ; 
but if the speed of the engine becomes changed, in consequence 
of a variation in the load — if, for instance, the load be reduced, 
causing the engine to make its stroke quicker — the subsidiary 
piston has not time to advance so far in its stroke before the 
cut-off takes place, and the cut-off is therefore effected sooner. 
On the contrary, if the load be increased, causing the engine 
stroke to be slower, the additional time allows the subsidiary 
piston to advance further before the cut-off takes place, and 
the cut-off is consequently later. 

From the foregoing description of the valve gear, it will be 
understood that every erratic motion of the engine alters the 
relative position of the valves with respect to the main piston, 
and in that way the engine checks itself. 

So perfect is the action of this gear, that when properly 
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adjusted, the full load may be thrown suddenly off the engine 
without any injury resulting. The effect of a sudden loss of 
load is to reverse the action of the valves, and to throw the steam 
against the motion of the piston, stopping it before the end of the 
stroke. Many instances of this have occurred in practice when 
a pump rod has broken, a pump valve has failed, or a pipe has 
burst. 

At the St. Helen's Waterworks the mains burst without 
causing the slightest damage to the differential engine. 

As another instance of the steadiness of the engine with 
unequal loads, it may be mentioned that the differential engine 
has often been worked with the pumps on one end only, so that 
the whole power of the engine was exerted on one side of the 
pistons only, and none whatever exerted on the other ; yet the 
engine moved along so steadily that the action could not be 
noticed unless one's attention was called to it, and the engine 
was actually run this way for some days to full number of 
strokes. Now the throttle valve had to be open, and in the 
same position as if both pumps were on, and the Davey motion 
had to do all the regulating. 

For waterworks pumping at St. Helen's, cost of fuel per 
1000 gallons of water raised 100 feet high, • 1121(2. Taking 
the total cost of pumping, fuel, wages, stores, repairs, equal 
-29d. At Yarlside Colliery the total cost of pumping 1000 
gallons 100 feet high = \d. 9 taking all expenses, and allowing 
10 per cent, interest on capital, cost of coal being lis. 3d. 
per ton. At the Staffordshire Potteries "Waterworks a com- 
pound differential engine now does the work formerly done by 
an 80-inch Cornish engine, with one-third less fuel. The duty 
of the differential engine is 60 millions on the slack coal of the 
district, equal to 90 millions on Welsh steam coal. 

The following comparison of the two systems, Cornish and 
compound differential, are taken from actual tests in practice : — 





Initial 
Pressure. 


Rates of 
Expansion. 


Average 
Pressure. 


Maximum 

Piston 

Velocity per 

Minute. 


Relative 

Strains on 

Engine. 


Effective 
Piston Speed. 


Cornish . . 

>» • • 
Differential 

»» 


31 
45 
43 
80 


3 
4-5 

6* 
8 


lb. 
16 
19 
13 
24 


feet. 
600 
500 
228 
220 


18 
2-26 
1-4 
1*37 


100- 
80 
168 
150 
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The table on p. 80 gives the actual working results of one of 
these engines from a trial made, and the following one gives an 
idea of the power, &c., of various sizes, now in use. 



Differential Pumping Engines. 



No. 


Horse- 
power. 


No. of Gallons 

Raised 

per Hour. 


Height to 

which 

Water is 

Raised. 


No. 


Horse- 
power. 


No. of Gallons 

Raised 

per Hour. 


Height to 
which 

Water is 
Raised. 


1 


585 


120,000 


668 


46 


112 


19,800 


600 


2 


585 


120,000 


720 


47 


112 


48,000 


180 


3 


476 


• . 


• • 


48 


112 


48,000 


180 


4 


462 


• . 


• • 


49 


112 


• • 


• • 


5 


433 


• . 


• • 


50 


106 


15,600 


855 


6 


406 


120,000 


435 


51 


95 


15,000 


400 


7 


394 


100,000 


600 


52 


95 


15,000 


400 


8 


340 


152,174 


200 


53 


92 


40,000 


240 


9 


330 


84,000 


600 


54 


89 


• • 


• • 


10 


312 


42,000 


910 


55 


86 


300,000 


20 


11 


312 


42,000 


910 


56 


85 


• • 


• • 


12 


304 


37,200 


200 


57 


80 


72,000 


80 


13 


300 


• • 


• • 


58 


78 


24,000 


300 


14 


254 


72,000 


360 


59 


78 


24,000 


240 


15 


254 


• • 


600 


60 


78 


18,000 


480 


16 


254 


60,000 


345 


61 


78 


• • 


• t 


17 


254 


30,000 


920 


62 


78 


• • 


• • 


18 


254 


• t 


• • 


63 


71*3 


• • 


• • 


19 


254 


• • 


• • 


64 


71-3 


• • 


• • 


20 


254 


• • 


• • 


65 


71-3 


115,800 


70 


21 


235 


37,200 


1,200 


66 


71 


• t 


870 


22 


235 


37,200 


1,200 


67 


70 


• • 


300 


23 


230 


• • 


• • 


68 


66 


39,000 


220 


24 


230 


• • 


• • 


69 


64 


• • 


• • 


25 


230 


• • 


• • 


70 


62 


62,500 


190 


26 


223 


• • 


1,500 


71 


62 


62,500 


190 


27 


217 


46,800 


600 


7lA 


60 


39,000 


240 


28 


200 


• • 


• • 


7lB 


60 


39,000 


240 


29 


198 


24,000 


1,100 


72 


57 


13,440 


555 


30 


198 


30,000 


450 


73 


51 


• • 


• • 


31 


193 


• • 


• • 


74 


50 


11,400 


350 


32 


193 


• • 


• • 


75 


50 


11,400 


350 


33 


193 


• • 


• • 


76 


48 


• • 


• • 


34 


193 


• • 


• • 


77 


44 


12,000 


260 


•35 


183 


90,000 


420 


78 


44 


13,200 


262 


36 


168 


60,000 


500 


79 


41 


420 


750 


37 


159 


60,000 


323 


80 


41 


50,000 


100 


38 


154 


48,000 


600 


81 


41 


12,000 


290 


39 


154 


37,600 


410 


82 


41 


6,000 


480 


40 


140 


24,000 


720 


83 


41 


• • 


• • 


41 


135 


7,200 


600 


84 


35 


18,000 


100 


42 


125 


36,000 


390 


85 


35 


6,600 


465 


43 


125 


• • 


• • 


86 


34 


12,000 


480 


44 


115 


54,000 


1,220 


87 


30 


30,000 


151 


45 


115 


15,000 


600 
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The Following is the Result of a Tbial of a Compound Differential 

Engine at the East Hetton Colliery. 

Mean stroke of engine 7 ft. 2} in. 

Mean number of doable strokes per minute 8 

Mean piston speed in feet per minute 115 ft 

Mean pressure of steam in engine room 62 lbs. 

Mean vacuum in condenser .. .. llf „ 

Mean effective pressures in cylinders — 

Front of high-pressure cylinder 44*79 lbs. 

Back of „ „ .. .. 48-52 „ 

Front of low-pressure „ 9*03 „ 

Back of w „ 10-37 „ 

Indicated horse-power developed — 

In high-pressure cylinder 146*42 h.-p. 

In low-pressure „ 108*05 „ 

Total 254*47 „ 

Condensing water — 

Quantity of water discharged per minute over tumbling bay . . 1,877 lbs. 

Mean temperature of ditto 103*5° 

Mean temperature of injection water 55° 

Rise of temperature of the water in the condenser .. .. .. 48*5° 

Pounds-degrees of heat discharged from the condenser per 

minute 91,034 units. 

Ditto per horse-power 357*7 ,, 

Consumption of steam per horse-power per hour .. .. .. .. 22 lbs. 

Equivalent duty per 112 lbs. of coal, assuming each lb. of coal to 

evaporate 9 lbs. of water 90,720,000 

Equivalent duty per 112 lbs. of coal, assuming each lb. of coal to 

evaporate 10 lbs. of water 100,800,000 

Effective work performed in pumps 198*6 h.-p. 

Effective work in percentage of indicated horse-power . . . . 78 • 05 % 

Duty 100 millions on an evaporation of 10 lbs, of water per lb. of coal. 

These engines work very steadily, and, as will be seen, also 
economically; they are simple in construction, the wear and 
tear is small, and they bear favourable comparison with the best 
types of pumping engines. 

The differential valve gear can be applied to Cornish and 
compound engines, and where the engines are subjected to 
violent strains from the breaking of the pump rods, as in deep 
well or mine pumping, the gear controls the engine imme- 
diately, and prevents further accidents to the machinery. 
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CHAPTER VII. 

OOBNISH ENGINES. 

It is unnecessary to enter into any historical account of the 
first use of the Cornish engine ; it may, however, be stated that 
the first single-acting engine, in its present form, for pumping 
water for the supply of London was introduced by Mr. Wick- 
stead in 1837, at the East London Waterworks, Old Ford, 
who purchased one in Cornwall, having a 90-inch cylinder by 
10 feet stroke. It is working up to the present time. This 
class of engines is extensively used by the large London water 
companies, and it is contended by those who advocate their use, 
that they still are the most economical pumping engines ; the 
author intends hereafter to give some working results, having 
been favoured by some of the engineers to the water companies 
with the same. 

The economy of the Cornish engine is more apparent in 
countries where coal is very dear. It must always be borne in 
mind, in calculating the cost of pumping water, that all ex- 
penses must be taken, including interest upon the original cost 
of the engine and foundations, repairs and sinking fund, fuel, 
oil, labour, supervision, &c. 

The author describes, hereafter, two or three good examples 
from actual practice ; they are powerful engines, and the work- 
ing results given are an average taken over one year. The 
accuracy of the data may be relied on. 

There are two types of these engines in use at waterworks, 
although there are several that differ in slight details. The 
beam and the direct-acting or " Bull " engine are the only ones 
that need be noticed. The Cornish beam engine is single 
acting, the steam acting on the top side of the piston. At the 
other end of the beam, the pump with its pole plunger and 

a 
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counterbalance are worked ; the weight of these is sufficient 
to overcome the dead load of the column of water to be lifted, 
including friction. No fly wheel or crank shaft is required. 
The air pump is worked in the same way as the ordinary beam 
engines. 

The valve motion of the cylinder is worked by tappets, 
and consists of double-beat valves described at page 10, 
except that the faces are conical ; a very ingenious contrivance 
called a "cataract" controls the opening and closing of the 
valves. A high rate of expansion is used, in some instances 
the steam is cut off at £ of the stroke of the piston. The 
pressure of steam is about 50 to 60 lbs. per square inch, 
although in some cases steam of a lower pressure is used ; it is 
not, however, so economical in working as high-pressure steam 
cut off at an early part of the stroke. 

The pumps in nearly all these cases are of the plunger kind 
and single acting. To save fracture to the engine and pump, 
in case of missing the stroke, at each end of the beam two bars 
of wrought iron are fixed, which rest upon strong timbers. 
At the end of each stroke there is a short interval of time, 
which allows the valves to close. 

The cylinders are steam jacketed, packed with felt, and 
lagged with mahogany on the outside in the usual way ; steam 
is also admitted to the stuffing boxes, to prevent air being 
drawn into the cylinder in case of any leak ge in the packing. 

This class of engine can only be successfolly applied upon 
a large scale ; they are very costly, somewhat cumbersome, 
and the valve motion rather complicated. In some places they 
are still the favourite engine, and certainly give very high 
results as to economy of fuel. The foundations and the engine 
house are of necessity rather costly. The following is a descrip- 
tion of some of the largest of this class made upon a modern 
principle : — 

At the Southwark and Vauxhall Water Company's works at 
Hampton there are a fine pair of engines, and although not the 
largest of their class, they are very good examples of this kind of 
engine. There are two engines, one on each side of the house 
(Drawing No. 21). The cylinders are 80 inches diameter by 
10 feet stroke, piston rods 7 inches diameter, steam pipes 11 
inches diameter. 

The cylinders are steam jacketed, the covers also, and the 
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bodies of the cylinders are coated with composition and lagged 
with corrugated iron on the outside. There are four valves in 
connection with the cylinder, all on the double-beat plan, and 
made of gun-metal. At the top of the cylinder are three 
steam valves. No. 1 is on the steam pipe, for starting the 
engine, and worked by hand ; this is called the governor, and 
regulates the amount of steam to be admitted. No. 2, top, is 
a steam inlet, and is opened by the " cataract " ; the amount of 
opening is adjusted by a slide on the plug rod ; this also regu- 
lates the power of cutting off steam. No. 3 is the exhaust 
valve (at the bottom of the cylinder), worked in the same way 
as the last, and under control of the " cataract." No. 4 is the 
equilibrium valve, opened by the working rod during the " up " 
stroke. 

The stroke commences by opening the exhaust valve ; this 
ensures the cylinder being clear on the under side of the 
piston ; the steam valve is then quickly opened by the cataract ; 
the steam rushing in on the top side forces down the piston ; 
the valve is closed by the plug rod, according to the required 
grade of expansion ; the rest of the stroke is made by the expan- 
sion of the steam and the momentum of the parts in motion ; 
the exhaust valve is closed before the piston arrives at the 
bottom of the cylinder, and the equilibrium valve is opened, 
connecting the top and bottom of the cylinder. The loaded 
plunger of the pump at the other end of the beam brings the 
piston to the top, and forces the steam from the top to the 
under side of the piston, the equilibrium valve being closed just 
before the finish of the stroke. The beam is cast iron, with two 
cheeks, 6 feet deep at the centre ; the weight is about 17 tons. 
The entablature on which the main centre is carried is of cast 
iron, built in the side walls, and supported by four columns. 
The main gudgeon is 18 inches diameter. 

The pressure of steam used is 40 lbs. per square inch, cut 
off at two-thirds of the stroke ; speed of piston 8 • 5 strokes per 
minute ; velocity in feet per minute, 170 ; vacuum = 28 inches. 

The pumps are double acting, with barrels 24f inches 
diameter by 10-foot stroke ; the head of water = 220 feet. The 
quantity of water pumped = 200 gallons per stroke, or take the 
up and down stroke = nearly 400 gallons, and at 8 strokes per 
minute = 3200 gallons. The pumps have solid pistons, and are 
attached to pump rods 6J inches diameter. The counter- 

G 2 
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balances are cast iron, loaded, and weigh about 23 tons. 
The valves are of the Cornish kind, the suction valves having 
4 beats, and the delivery ditto 2 ; the faces are flat, and made 
of gun-metal. The suction valves have larger area than the 
delivery, to allow of the water passing rapidly into the pump 
barrel on the up stroke of the plungers. 

The air pumps are 42 inches diameter by 5-foot stroke; 
they have condensers of the usual kind. The vacuum = 
28£ inches. The cold-water pumps are worked off the counter- 
balances of the main pumps. 

The duty performed by these engines is equal to 80,000 
lbs. raised 1 foot high, by each 112 lbs. of Welsh coal, equal 
to about 2| lbs. per horse-power per hour. The " slip" of the 
pumps does not exceed 2 per cent The average effective horse- 
power = 209. 

In these engines the water is raised by the fall of the 
counterbalances attached to the pump rods at the back end of 
the beams, the steam in the cylinders being admitted, as before 
stated, at the top side of the pistons, the lower side being open 
to the exhaust. When the piston id at the bottom of the stroke, 
the plunger is ready to descend ; when it has made the full 
stroke, it rests sufficient time for the valves to close. The 
" up " strokes of the plungers are made very rapidly, due to 
the sudden admission of steam at the top of the pistons. 

The lift of the suction valves does not exceed 2 inches; 
this, however, gives full area for the passage of the water into 
the pump. The diameter of the delivery main = 30 inches. 

The air vessel is cast iron, 4 feet diameter by 18 feet high ; 
two small pumps worked by the engines are employed to keep 
up the supply of air. 

This company have the largest Cornish beam engine used 
for waterworks purposes ; the cylinder is 112 inches diameter 
by 10-foot stroke, and works at the rate of 7 strokes per 
minute. The velocity of piston = 138 feet per minute, pressure 
of steam = 35 lbs., and the average throughout the stroke ^ 
24 • 48 lbs., vacuum = 28 inches. The pump plunger is 50 inches 
diameter. The average head of water pumped is about 170 feet 
The number of gallons per stroke = 820, average effective 
horse-power 292. Air pump 56 inches diameter by 5-foot stroke. 
Beam is double, 8 feet 9 inches deep at the centre, of cast iron, 
by 31 feet 6 inches long, and weighs about 40 tons. The main 
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centre is 18 inches diameter, piston rod 11 inches diameter. 
The valve motion is the same as before described, and the 
general design is also much the same. 

Cornish Direct-acting or "Bull" Engines (Drawing 
No. 22). — Where space is an object, engines of this class may be 
employed. The cylinder is fixed upon a powerful frame, fitted 
with valve motion as before, and the weighted plunger pole 
immediately under same. To make the matter clear, the 
author gives the following description of three engines working 
at Hampton : — 

There are three engines in one house ; the cylinders are two 
66 inches and one 70 inches diameter, by 10 feet stroke. 
. Number of strokes per minute equal 7 ; velocity of piston per 
minute = 140 feet ; steam 40 lbs. per square inch ; cut off at 
half-stroke. The cylinders are steam-jacketed, the covers also. 
The piston rods are 7 J inches diameter ; two of the pumps have 
plungers 39 inches diameter by 10 feet stroke, and one 42 inches 
diameter by 10 feet stroke. The weight of the ram piston and 
rod = in two of the engines 30 tons, and one = 35 tons. The 
quantity of water pumped by each pump = 516, 516, and 600 
gallons per stroke ; lift of water 135 feet. The pumps are single 
acting, and have valves of the same kind as described before 
at pp. 10 and 82. The air pumps are 20 inches and 24 inches 
diameter by 5 feet stroke ; the vacuum made = 27 inches. 

The duty of these engines = 60 to 65 millions of lbs. raised 
1 foot high by 112 lbs. of Welsh coals at 25s. per ton. The 
average effective horse-power is 136, 143, and 170. The air 
pumps and cold water pumps are worked by rocking levers 
or half beams fixed under the cylinders, the fulcrums being at 
the wall, and attached to the piston rods at the other end by side 
links ; the guides for the air pumps, &c, are of the usual type. 

These engines are very compact, and give good results ; but 
the expansion cannot be carried so far as in the beam engines. 
The cost of the brickwork for the house and foundations is con- 
siderably less, and the first cost of the engines also. This fact, 
combined with the small space they occupy, will often settle 
the question as to the particular kind of Cornish engine to be 
employed. The valve motions are the same as the beam 
engines before described. There is a pause, as in the other 
engines, at the end of each down stroke of the pump plungers, 
to allow the valves to close ; the " up " stroke is made rapidly, 
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and in all other respects the action of the engines is the same 
as the " beams." The head of water is 35 feet The diameter 
of the delivery main = 36 inches. 

The water is pumped from the settling reservoirs into two 
air vessels of cast iron, 4 feet 6 inches diameter by 16 feet 
high, and thence into a standpipe. 

These engines have been in use since 1852, and the author 
believes were the first of this kind fixed in London for water- 
works purposes. Considering the number of years they have 
been at work (about thirty years), and that expansion cannot be 
carried so far as in the beam engines, they are very economical 
and give good working results. The repairs during the period 
have been very small. 

Cost op Pumping, Fuel, &a, in Cornish Engines. 

The average coals consumed per million gallons at one of 
the large waterworks, pumping by Cornish Bull engines = 1 ton 
cwt. 1 qr. Coals consumed per million foot-lbs. of water, 
average for twelve months = 1 • 63 lb. Coals consumed per 
horse-power per hour = 2*46 lbs. Oil and tallow consumed 
for twelve months, per million gallons of water pumped : oil, 
•14 pint, and tallow '6 lb.; and per million foot lbs., oil = 
• 00008 pint, tallow = • 00066 lb. Cost per million gallons, 
including coals, oil, and tallow, 11. Is. 9(2. Cost per million foot- 
lbs., '152d. Cost per million gallons, for wages and engine 
repairs (only), 9s. 5£i.; and per million foot lbs., '0671d. Cost 
per million gallons, for coals, oil, tallow, waste, wages, and 
engine repairs, 11. lis. 3%d. ; and per million foot-lbs., *218^. 

Hobse-power employed to raise one million gallons of 
water one foot high = '2396. 

The above is an average taken for twelve months, from the 
returns of one of the largest London water companies, and is 
very valuable testimony as to the actual results of wotking 
upon a large scale. For smaller engine power and a less 
number of engines such high results must not be expected. 

Foundations. 

It need hardly be said that the foundations of the engines 
must be solid, and well able to resist the heavy shocks they have 
to sustain. In places where the ground is marshy, piles must be 
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driven into the solid earth, and a timber foundation formed on 
top of same, on which a good concrete bed in Portland cement 
should be laid. The brickwork is built upon this, and heavy 
base stones at the top, to take the cylinders, &c. Granite is 
the best material, but rather costly ; in small engines the base 
stones may be "York"; they are much less expensive, and 
make a good sound job. No rules can be given as to the depth 
and dimensions of foundations, as it mainly depends upon the 
size of the engine, head of water to be pumped, and the nature 
of the ground in the particular locality. As these foundations 
are rather costly, it is advisable to have special skilled advice 
upon such matters, in order to avoid any errors. 

General Remarks. 

Engines of the Cornish kind are only suitable where large 
quantities of water have to be pumped, and where the " head " 
or pressure is constant ; otherwise there is much loss, caused by 
the difference of friction in the delivery pipe. Arrangements 
have, however, been made in large engines, by automatic valve 
gear, which partly compensates for this defect, and takes off 
the shock which the engine would otherwise receive by the 
difference of resistancer in the down stroke of the pump plungers. 

There has been much controversy as to the value of these 
engines for water pumping as compared with other kinds. As 
the author has in most instances given the consumption of 
fuel, &c, the designer must judge for himself the sort of engine 
most suitable for his particular case. 
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CHAPTER VIII. 



BOILERS. 



The principal kinds of boilers used for water-pumping machinery 
are Vertical, Cylindrical, Cornish, Lancashire, and Multitubular. 
The various kinds of water-tube boilers cannot be recommended 
for such purposes, and except in a few instances, they are 
seldom or never used. 

Vertical Boilers are only used where small quantities 
of water have to be pumped, and where there is not sufficient 
space for a horizontal boiler. There are several forms of these 
boilers ; they are, however, all constructed with a fire box ; the 
most simple have one centre tube riveted on the top of the 
fire box, with three or more cross water tubes passing through 
the same. The top of the boiler may be made cup shape, 
and should be well stayed; proper mud-hole doors must be 
provided at the bottom part to allow for cleaning out when 
required. 

The fittings for a 3 feet diameter by 7 feet boiler (about 
one of the smallest likely to be used), should be : one 2-inch 
safety valve, two £-inch gauge glasses, two J-inch water gauge 
cocks, one l^-inch blow-off cock, one 1 J-inch feed valve, and 
one 2-inch steam valve or solid bottom cock. The boiler 
should be covered with composition, and lagged with wood or 
sheet iron ; to procure a good draught the blast pipe from the 
engine should be carried into the smoke pipe, the top of the 
pipe being contracted at the outlet. 

Multitubular Boilers (Vertical). — In lieu of the centre 
and cross tubes, the top of the fire box forms a tube plate, 
another one is riveted in at the top of the shell, a number of 
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small tubes, say 1 J to 2 inches diameter, pass through each of 
these plates and are riveted to same ; in all other respects the 
boiler is of the same construction as before. 

Boilers of this kind are not so economical as to fuel as 
a horizontal boiler, and are only to be recommended where 
space is an object. It must always be remembered that in the 
hands of unskilled people they are not very safe to use. The 
steam space is small, and in case of the boiler not being 
properly and regularly supplied with water, the risk of an 
explosion is great 

Horizontal Cylindrical Boilers. — Where fuel is cheap, 
or where coke or breeze is intended to be used, this class of 
boiler may be adopted with much advantage, especially as in 
the most untutored hands they are perfectly safe. 

Taking a 6 horse-power as an example of a small size, this 
should be 4 feet diameter by 12 feet 6 inches long, with a dome 
18 inches diameter by 18 inches high ; the shell may be f-inch 
thick and the ends ^ inch. The shell should be made in four 
plates, no seam should be over the fire, the ends cup shape and 
solid flanged, the steam chest welded, and the top of same 
solid flanged ; no angle iron is required. The manhole should 
have a ring riveted round same. This boiler should be set in 
brickwork with a wheel draught, the flues lined with fire brick 
4 J inches thick. The area of the firegrate must be in propor- 
tion to the kind of fuel used, not less than 1 square foot per 
horse-power. The fittings should be the same as named for the 
vertical boiler ; for the water gauge and cock fittings tubes are 
screwed into the end of the boiler and carried through the 
flues, they are protected by being passed through larger pieces 
of pipe built in the brickwork across the flue. 

The top of the boiler should never be covered with brick- 
work, the height to top of stone coping as a rule, say about 
12 inches to 15 inches above the top of the side flues. The 
brickwork should always stand on a good concrete foundation, 
and where the soil is bad or wet this may be made in Portland 
cement and at least 2 feet thick, according to the nature of 
the soil. 

For sending abroad, where there is very little skilled 
labour at hand, they are much to be recommended, added to 
which they are easily repaired, a very important consideration 
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in a foreign country. They take rather longer time to get up 
steam in the first instance from cold water, than in the case of 
tube boilers of the Cornish and Lancashire kind ; but if the fire 
is properly banked up over-night the steam can be raised in 
the morning in nearly the same time. A good draught from 
the shaft is necessary. If coke or breeze is to be the fuel, 
the area of the firegrate must be larger than named above, 
and the air spaces at the firegrate also; thin bars and an 
extra number of spaces is the best plan in this case. 

Cornish Boilebs. — For sizes above 8 horse-power this kind 
of boiler is the most suitable ; the diameter of the tube is about 
half of the shell. The plate over the fire should be Lowmoor 
iron, and of a length sufficient to carry it over the bridge. 
TakiDg a boiler 5 feet diameter by 16 feet long = 15 horse- 
power, the tube should be 32 inches diameter by -& thick, the 
shell I- inch, and the end plates ^ inch thick ; these should be 
solid flanged. Gusset stays must be provided at each end. 
The tube is strengthened by three L-iron rings on the outside. 
The steam chest 27 inches diameter by 30 inches high, solid 
flanged at the base, and the top may be welded in. The boiler 
is set in brickwork, with a wheel or split draught, the heated 
air passing through the tube along each side flue, and out at 
the flue under the boiler. 

The fittings should be one 3-inch double safety valve, one 
2£-inch steam valve, two sets f-inch gauge glass fittings, two 
f-inch gauge cocks, one 2-inch blow-off cock, one 2-inch feed 
valve and back pressure valve, one float and whistling gear. The 
chain of the damper should be led over pulleys to the front of 
the boiler. The brickwork should be carried up say 15 inches 
above the side flue and the top of boiler, and the steam chest 
should be covered with non-conducting composition, together 
with all the steam pipes. This should be well painted, two or 
three coats. 

Lancashire Boilers (Drawing No. 23). — When the 
diameter of the boiler exceeds 5 feet 9 inches to 6 feet, a 
boiler of this type should be used ; the general construction is 
the same as above, except that there are two tubes in lieu of 
one. The maximum diameter and length of the shell should 
not exceed 7 feet to 7 feet 6 inches by 30 feet to 35 feet long ; 
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it is advisable to increase the number of boilers when more 
steam power is wanted. 

When well set in brickwork, and the top of boiler and 
pipes properly protected, these boilers are about the most 
economical to use. Large boiler capacity should always be 
allowed, it must be borne in mind ; this is true economy, as a 
small boiler forced will consume more fuel than a large one 
properly fired. Should it be necessary to let the engine stand 
for several hours, the damper is closed, and the boiler becomes 
simply a reservoir of steam ready for immediate use at any 
time. The area of the firegrates should be f square foot per 
horse-power, the length to the bridge must never exceed 6 feet. 

Multitubulab Boileks. — Boilers made upon this plan do 
not require any setting, and are specially useful when fixed 
upon a pier, "jetty "wharf, or, as in some cases in London, on 
one of the upper floors of a building. They are made about the 
same as a locomotive boiler, with a fire box at one end and 
smoke box at the other, a tube plate being riveted at each 
end, through which 2, 2£, or 3-inch wrought-iron tubes are 
riveted. The shell is protected with felt, and lagged with 
wood or covered with non-conducting boiler composition. 

The steam chest and fittings are the same as before 
described. These boilers are very economical iu action, the 
steam can be got up .rapidly, they take up much less room 
than the Cornish or the Lancashire boilers, a large saving is 
effected in the brickwork setting, and when carried on jetties 
or the floor of a building there is much less dead weight to 
support, which in most cases is a serious consideration. They 
are specially applicable where the boilers have to be placed in a 
cellar or vault, on account of the saving in excavation, and also 
the small amount of space taken up. In many instances the 
smoke shaft is made of wrought iron, and all the flues from the 
boilers of the same material. 

Various Boilers. — There are a few other kinds of boilers 
used, but no notice need be taken of them here for the pur- 
poses under consideration. Simplicity, efficiency, economy in 
fuel, and safety are the points to achieve in all cases. A 
large number of patents have been taken out from time to 
time, but no material advantage has been effected in any case. 
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All the above boilers described are the best to use for the 
purpose under notice, the form and dimensions of course vary- 
ing according to the special case. 

Feed Water Heaters. 

All the feed water should be heated before it enters the 
boiler. This may be done up to 110°, by means of this kind 
of apparatus ; there are several types ; the exhaust steam from 
the engine is passed through the heater ; two or three of those 
mostly in use will now be described. 

Plain Cylinder Heaters. — A plain cylinder of wrought 
iron or cast iron may be fixed either vertical or horizontal, with 
the exhaust steam blown on the top of the water, the surplus 
passes off through a pipe at top of the apparatus ; they are 
made self-feeding from an upper tank by means of a float, &c., 
and a gauge glass is fitted on the outside to show the level of 
the water. A manhole is at the bottom to allow of cleaning 
out at certain intervals ; it has been found that much of the 
deposit from the water remains in this vessel, and so saves the 
boilers and keeps them clean. 

Tube Heaters (Drawing No. 22) consist of an outer 
cylinder of wrought or cast iron, with a tube plate at top and 
bottom, fitted with 1 J-inch or 2-inch copper or iron tubes. The 
exhaust steam passes through these tubes, the water being in 
the cylinder. At the top and bottom tube plate they are 
jointed, to enable the apparatus to be easily disconnected for 
cleaning the tubes and for repairs. They are most convenient 
when fixed vertical and standing upon three legs; they are 
fitted in the same way as before. This kind of heater, although 
more expensive than the last-named, is more efficient in 
action. The water being heated by passing through small 
tubes, the size of the apparatus is less, and a saving of room is 
effected. 

Feed Apparatus for Boilers. 

Steam Donkey Pumps are the best kind of apparatus for 
this purpose ; the author has found the " Model" pump made by 
Messrs. Thornewill and Warham, of Burton-on-Trent, the most 
effective. They are self-contained on one bed plate, can be 
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worked either at a very low or a high rate of speed, and are not 
liable to get out of order or to stick in working like many of 
the " tappet " kind of steam pumps. They can either pump from 
or draw the water through the heater, according to the require- 
ments of the special case. It is advisable to fix them on a 
brickwork foundation about 3 feet from the floor, to protect 
them from dirt and grit, and to be at a convenient height for 
oiling and starting. 

Injectors should always be fixed in addition to the above, 
for use in case of any break-down with the pump. The author 
advises a full-size one in all cases, capable of feeding rapidly 
in case of any emergency. All the pipes should be put 
together with gun-metal faced flanges, and the holes drilled ; 
this allows of rapid disconnection in case of a stoppage. 

These apparatus are perfectly safe in the hands of skilled 
people, but on no account should others be allowed to interfere 
with them. A feed tank to supply the injectors, of say 
30 gallons, should be fixed on top of the brickwork of the 
boilers, fitted with ball valve and overflow pipe. This tank 
should be covered at the top and carefully protected from dirt 
and grit ; great care should be used to obtain clean water for 
feeding boilers, especially where injectors are used. 

Furnaces for Smoke Constjming. 

There have been a large number of these brought out. 
The author here notices only two, which he has found to act 
well in practice and meet the requirements of the Smoke Act, 
as well as effecting a considerable economy in fuel. Many of 
the so-called smoke consumers are a delusion, and it is simply 
a waste of money to use them. 

Wright's Apparatus is a very useful type, and possesses 
the advantage that it can be applied to boilers at a small 
extra cost. It is simple and effective in action, prevents 
smoke, but in the economy of fuel is not equal to that named 
below. 

Juckes'. — This apparatus has stood the test of thirty years' 
constant use, and upon a very large scale. At one establishment 
there are about thirty in use, giving very high results as to 
economy. 
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It consists of an endless chain of Cast-iron bars working 
over drums at each end, which travels at the rate of six feet 
per hour. A hopper at the front feeds the small coal, which is 
slowly carried forward by the chain to the bridge, thus ensuring 
the perfect slow combustion of the fuel, and the entire pre- 
vention of smoke. The supply of steam from the boiler is 
regular, and no injury takes place to the plate of the boiler 
over the fire by the opening of the door, as in the common 
furnace, to charge it with fuel. The fire does not require to be 
clinkered, it is self-acting in this respect. 

They are, however, only applicable on a large scale, and 
where skilled labour can be had in case of a break-down to 
repair quickly. 

The economy of fuel effected is from 25 to 30 per cent. 
The power required to drive them is very small ; this is usually 
done by a separate engine, or driven off the fly-wheel of the 
donkey engine. The cost of the brickwork for these furnaces 
is much more than in ordinary furnaces. 

There have been many modifications of this furnace, but 
the original type has never been equalled. The author believes 
that the original patentee, although he did so much to solve the 
question of smoke consuming, never reaped any substantial 
benefit, but like many people in such cases, sunk a large sum 
of money for others to reap the benefit of his ingenuity and 
labours. 

General Remarks. 

Duplicate Boilers should always be provided to be used 
when others are being cleaned, examined, and repaired. 

The author's practice is to work each boiler for a month, 
then to throw it out of action, examine the interior, clean, if 
necessary, and- carefully examine all the fittings. The flues 
should be cleared out once per week; but at the stopping 
time they should be carefully examined internally, and the 
outer shell of the boiler also. 

The pins of the safety valves should be minutely examined 
and the seats cleaned. The water-gauge fittings should also 
have careful attention, and the feed pipes, as in many instances 
serious accidents have taken place through the partial stoppage 
of the gauge pipes by deposit from the boiler. 
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? The Fittings should be of the highest class, and ample for 
the size of boiler ; it must be remembered their safe working 
almost entirely depends upon the proper condition of the fittings. 
The author prefers to use double water-gauge fittings in all 
cases, as in the event of one set getting stopped by deposit from 
the boiler, the other set will probably be in good working order 
and condition. With regard to safety valves, it may be noted 
they are too often of a very indifferent kind, badly made, too 
small, and when made too deep in the conical seat they are apt 
to stick. In all cases they should be made so that they can 
relieve the boiler at any instant of undue pressure- In many 
instances proprietors of boilers have such an objection to a slight 
escape of steam (almost a necessity in a sensitive safety valve), 
that the makers will only supply deep-seated valves to please 
the purchaser in the above respect. This is much to be depre- 
cated, and the engineer advising the firm should always have 
his own way in all these important matters. 

Proving Boilers. — They should not be proved at more 
than 40 lbs. per square inch beyond the working pressure, say, 
for the average of boilers, not to exceed 100 lbs. per square 
inch. The proving must always be done by hydraulic pressure ; 
it should be gradually put on, and left on for some time ; during 
this period all parts of the shell and tube should be submitted 
to a careful examination. If any part should leak, the rivets 
or seams should be marked, but on no account should any 
caulking be done while the hydraulic pressure is on the toiler. 

Fuel used will depend upon the locality ; in some instances 
where small coal is very cheap, it may be advantageously 
employed, but in the London district, or any place distant from 
the coal fields, good clean " nut " coals, or coals about the size 
of a pigeon's egg, and well screened, will be found the best to 
use ; they do not make so much clinker, give greater heat, and 
the cost is less in working. The amount of ash refuse is also 
much lesa 

Where gas coke can be obtained at a cheap rate it is a good 
fuel, and coke breeze may also be advantageously used, but in 
this case the furnaces must be specially constructed to burn the 
same. The area of the grate must be larger, and the air space 
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increased. More clinker will be formed than when using coke 
or coals. The draught must be very good from the shaft. 

Water should be laid on near the coal heap, and an india- 
rubber hose provided to damp the coals before use. This has 
been found very advantageous especially when using small coal. 
It is also advisable to have a water pan under the fire bars to 
keep them cool ; in some instances the draught of the shaft is 
much increased by this plan. 



ENGINE AND BOILER HOUSES. 97 



OHAPTEE IX. 

ENGINE AND BOILER HOUSE& 

Engine Souses. 

The dimensions of the houses will, of course, depend upon the 
size and kind of engine, and the disposition of the gear, &c. 

The house should be of good height, say not less than 10 to 
12 feet to the wall plate, even in small bouses. 

The walls, when of brickwork, should not be less than 
14 inches thick, and the principals of the roof of iron, with wood 
purlins, caulked on and bolted to the "["-iron ; it should be close 
boarded, and covered with slates, or it may be an open timber 
roof, stained and varnished. The walls should be plastered 
on the inside and painted. The floor may be wood, covered 
with tiles, stone paving, or, when the ground is solid below, the 
paving may be of Stuart's patent granolithic concrete. The 
author has used this material on a large scale for this and 
kindred purposes, and has been well satisfied with it. 

The house should be well lighted, and a proper amount of 
ventilation provided by swing sashes. All the steam pipes 
should be covered with composition, and in some instances 
cased with wood as well. 

Where any pipes have to pass under the floor, they should 
also be covered with composition and be placed in channels of 
brickwork ; easy means of access for examination and repairs 
should be provided. In most cases the channel should be 
covered at top with iron plates with a few made to take up 
when required. 

An engine counter should be provided to show the number 
of strokes made by the engine in a given time ; the counter 
should be placed under glass, and in such a way that the 
attendants cannot interfere wfth it. 
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The engine house should be completely shut off from the 
boiler house, and while thorough ventilation should be pro- 
vided, all damp, dust, and grit should.be carefully excluded. 

Engine Houses for Cornish and Beam Engines must 
be specially constructed to suit the particular kind of engine ; 
no rules can be given as to this — the foundations for the 
cylinder, main centre, and pumps, must be very massive; 
granite is the preferable stone to use in this case ; the thickness 
of the walls will depend upon the kind and power of the engine. 

Fittings op Eooms. — A steam gauge and vacuum gauge 
should be fixed on the wall, well in sight ; also a pressure gauge 
to show the " head " of water. A set of spanners to take each 
size nut should be provided and kept on a rack. A girder should 
be fixed over the cylinder, and also at the fly-wheel shaft, for 
the purpose of lifting these parts of the engine when under 
repair ; in the case of large beam or Cornish engines a traveller 
is sometimes provided with lifting crab and strong tackle. 

Engine Drivers. — The author always advises that the engine 
should be got up bright in all the usual parts ; and when this 
is the case the men take more pride in keeping the machinery in 
good order. A system of bonuses in this case, as well as with 
the stoker, is advisable, when the engines have been kept 
going well up to their work, with a consumption of oil, &c, not 
exceeding a certain fixed amount per month. 

It is almost needless to say that where Cornish or the 
larger kind of compound engines are used, only skilled me- 
chanics should be employed, the machines being of a costly 
character and of large power ; in case of any emergency arising 
those in charge should be competent to deal with it both with 
expedition and skill. From a long experience in such matters, 
the author may state he has always found the employment of 
well experienced men pays best in the end ; if the proprietors 
do otherwise it is very false economy, and nearly sure to lead 
to serious accidents, not only to the machinery but to human 
life. 
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Boiler Houses. 



The houses should be of fair height, say not less than 6 feet 
6 inches from the top of the boiler to the under side of the 
tie beam of the roof. The walls, when of brickwork, should not 
be less than 14 inches thick ; it is desirable to plaster the inside 
walls. 

The roof may be constructed with iron trusses with wood 
purlins covered with boards to fix the slates on. At the top 
a lantern or ventilator should be provided with glazed " swing " 
sashes, or louvres, capable of adjustment by cords from the 
floor of the boiler house. 

The floor in front of the boilers should be iron plates, for 
say at least 4 feet wide ; the rest may be paved with stone or 
covered with asphalte or Stuart's patent granolithic paving, 
before named. A channel of brickwork should be formed in 
front of the boiler for the blow-off pipes, with a door and frame 
over each cock. 

The stoking space in front of the boiler must not be less 
than 8 feet ; the c'oals may either be kept in an iron bunker at 
the back of the stoking floor or at the side of the boiler. In 
some cases it is more convenient to run the coals into the 
houses in iron trucks on three wheels, the front one being made 
to swivel, and fitted with a sliding hopper to take the coals 
as required. 

A water pipe with hose, as before named, should be provided 
to sprinkle the coals occasionally, and for the purpose of 
quenching the fire if it has to be drawn in case of any 
emergency. Provision should be made either at the front or 
back wall for taking out the boiler if required. 

Bbickwobk Shafts. — No rule can be given for the height 
and area of these, as it depends upon the number of boilers, fuel, 
and also as to the position in relation to the surrounding 
buildings. When constructed in London, the Building Act 
requires that the diameter outside at the base should not be less 
than one-tenth the height, and the thickness of brickwork 
according to the height. 

The shape of the shaft may be round, square, or octagon ; 
the author generally prefers them round as they keep cleaner, 
and present a nicer exterior appearance. The top cap may be 
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cast iron, and painted white to look like stone ; it is much less in 
weight, added to which the brickwork is better protected by iron 
than stone, and is safer in every respect A large flue door 
should be left at the base of shaft, and a pocket for the soot of 
not less than 3 feet below the main flue into the shaft; any 
greater depth in most cases will much interfere with the 
draught. The lower part of the shaft and flues must be kept 
free from water and damp. 

Labour in the Boiler House. 

In large places the boilers should be attended to by men 
who should have no other duties to perform than to look after 
them; the feeding apparatus should in all eases be in the 
boiler house, and independent of the engines. To ensure careful 
attention and economy in the use of the fuel, good wages should 
be paid to efficient men, and a small premium paid monthly 
upon any saving of coals effected below a certain fixed amount, 
in proportion to the number of hours at work and work done in 
the mill or factory. All the parts of the house should be kept 
very clean, and the fittings well polished. When all things 
are in good order the men take extra interest in the place, the 
work is always better done, and the apparatus better cared for 
in every way. It is advisable to have clear rules or instructions 
in writing fixed on the walls of the boiler house, as to the duties 
of men, viz. regular supply of feed water, periodical trial of 
water gauges, when to open the blow-off cocks, banking of fires 
— and especially that no outside person should be allowed on 
any account to interfere with any part of the boilers or fittings. 
In the author's experience many unfortunate accidents have 
been caused by such interference. Strangers and those who 
have no business in the houses should at all times be rigidly 
excluded. 
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